
CIVIL, MECHANICAL 
. MILITARY & NAVAL: 



TECHNICAL TERMS 



FRENCH, GERMAN, ITALIAN, & SPANISH 



OLIVER BYRNE, EDITOR 



HonDon: 

E. & F. N. SPON. 

48, CHARING CROSS. 



wst$\ 






s Hr 

* jbi 


m 











SK^! 


jw/a 

WWW 




nai 


— 





t 








1 




ALEXANDER WILSON & COMPANY, 

ENOINEER8, 

VAUXHALL IRONWORKS, 

WAND8WORTH ROAD, 
LONDON, 8.W., 

Near Nine Kim* Pier and Railway Stall* n 



Special attention it called to their 

IMPROVED PUMPS AND INJECTORS, 

which are now univertially uaed by all the leading 
llrrna of Engineers for Land and Marine purpose* in 
all partaof the World. For excellence of Workman* 
•hip and lowneu of Price they are simply nnri vailed, 
a* they are produced by special Tools and Machinery, 
combined with division of Labour, otherwise they 
could not be produced at the price. 



REDUCED PRICE LIST. 



Those marked • are double action. 



Bite. 


Dlam. 


Stroke 


Gall*, 
thrown 
per hour. 


H. P. 
of Boiler, 
(applied. 


Prioet. 


4 


H 


24 


150 


10 


L t. 
6 10 


6 




3 


230 


16 


8 10 


6 


>1 


4 


4W) 


30 


11 0 


7 


21 


4 


600 


40 


13 0 


•8 


21 


4 


JUKI 


60 


15 10 


9 


21 


6 


1200 


75 


17 0 


•10 


2* 


6 


1800 


120 


19 0 


11 


21 


6 


1500 


100 


22 0 


•12 


2! 


6 


2250 


150 


25 • 


•14 


31 


9 


3750 


250 


35 0 


•16 


«i 


13 


7500 


600 


45 0 



A Large 8 took alway on hand. 



♦ 



Just Published, price 10s. 6d. 

THE SECOND COURSE 

OF 

ORTHOGRAPHIC PROJECTION: 

BEING A CONTINUATION OF 

THE NEW METHOD OF TEACHING THE SCIENCE 

OF 

MECHANICAL AND ENGINEERING DRAWING; 

WITH SOME PRACTICAL REMARKS ON 

THE TEETH OF WHEELS, 

THE PROJECTION OF SHADOWS, PRINCIPLES OF SHADING, AND THE PRACTICE OF 
MAKING TO SCALE DRAWINGS FROM ACTUAL 
MACHINERY. 

INTENDED FOR THE INSTRUCTION OF ENGINEERS, ARCHITECTS, BUILDER8, 8MITIIS, 
MASONS, AND BRICKLAYERS, AND FOR THE USE OF 
SCIENCE SCHOOLS AND CLASSES. 

WITH NUMEROUS ILLUSTRATIONS. 

By WILLIAM BINNS, 

CONSULTING ENGINEER, ASSOC. INST. C.E. ; LATE MASTER OF THE MECHANICAL DRAWING CLASS 
AT THE DEPARTMENT OF SCIENCE AND ART, 

AND AT THE ROYAL SCHOOL OF MINE* ; FORMERLY PROFESSOR OF APPLIED 
MECHANICS AT THE COLLEGE FOB CIVIL ENGINEERS, 

ETC., ETC., ETC. 

London : E. & F. N. SPON, 48, CHARING CROSS. 



* 




PARIS EXHIBITION I SILVER MEDAL FOR STEAM -CRANE. 
.A-W-A-EIIDS, 1867. / Medaille d’Honneur for Donkey-pump. 

APPLEBY BROTHERS, 

EMERSON STREET, SOUTHWARK, LONDON, S.E. 
Contractor* to Her Majesty’s Government, dtc. 

STEAM CRAKES, 

HYDRAULIC A HAKD CRAKES, 

DERRICKS, SHIT'S WIHCHE8, 

HOISTS, TRAVELLERS. 

AXD ALL KIHDB OP LIFTING 
MACHINERY. 

PUMPS A PUMPING ENGINES, 

Portable and Fixed Engines, 

Steam Pile Drivers, Ac. 

Screw Propellers, Dredgers, 
and every description of 

Pumping Contractors' Machinery, ituk eamow hoist. 



PATENT STEAM DONKEY. l’UMPH. 





rum Looonunri rnuHSin 



Digitized by GoogI 



j 



i 



SPONS’ 

DICTIONARY OF ENGINEERING. 

BYRNE. 



Digitized by Google 




Digitized by Google 




S P O N S’ 



DICTIONARY OF ENGINEERING, 

Cibil, Utrtjjaniial, Utilftarg, aiib |tabal ; 



WITn TECHNICAL TERMS 



IN FRENCH, GERMAN, ITALIAN, AND SPANISH. 




OLIVER BYRNE, 

EDITOR OF APPLETOS5' ‘DICTIONARY OF MECHANICS.* 



DIVISION IV. 




LONDON: 

E. & F. N. SPON, 48, CHARING CROSS. 

1871. 



Digitized by Google 




LONDON : PRUrrCD MY WII.IJAM CI-OWK8 AND SONS, STAMFORD STRKUr AND CHARING CROSS. 



Digitized by Google 



DAMMING 



1153 



and at a sufficient distance from the outer edge B to prevent the pressure in this point from 
exceeding the limit R\ 

In the case, on the contrary, in which the wall, being of the arched form, transmits the thrust 
F laterally, this force is destroyed by the reaction of the earth, and thus does not combine with 
the weight P. 

It seems from this that, in certain cases, the thickness at the base may be reduced; but to 
treat the question thoroughly, we must find the thickness to be given to a barrage, so that the 
masonry which transmits the thrust laterally shall not bear in any poiut a pressure greater than 
the limit R'. 

Suppose A'EB', A" OB", Fig, 2271, to represent a horizontal section at a distance H below 
the top, and the lines V V, V' V', the section of the sides of the valley through the same horizontal 
plane. The thrust F of the wnter in each 
point E' of the inner face A 1 E B' of the 
wall is norinul to this curve. The de- 
termination of the thickness CE to be 
given to the wall offers a close analogy 
to the ordinary problem concerning tho 
stability of arches; only the pressures 
upon each voussoir, instead of being 
parallel with each other and equal to 
the weight of this voussoir, are all nor- 
mal to the outer curve A' E B', and equal 
to each other, if we suppose the arch 
divided into equal voussoirs. 

These conditions render the problem 
easier of solution than for the case of an 
ordinary arclx, and enable us to find an 
equation which gives at once the depth 
at the crown. 

Admitting that the curve A'EB’ is 
an arc of a circle having its centre at 
O, suppose the thickness C E at the 
crown determined by the condition that 
the curve of the pressures passing by the 
point G, the pressure at the nearest ex- 
tremity E shall be equal to the limit R'. 

The curve of the pressures is necessarily 
perpendicular to all the actions of the pressure of the water upon the arch which converge to the 
centre O, and, consequently, this curve is a circle concentric to that which forms the outer face. 

This granted, to ensure the stability of the structure, there must lxi equilibrium in the half- 
arch K CL B' between the reaction of tho abutment at the point K, the pressures of the water 
between the points E and B\ and the reaction R of the half-arch A' H E C. 

This condition of stability leads to tho following equation ; 

2 M fa F = B x K N, [44] 

which expresses the sum of the moments of the thrust of the water with respect to the point K as 
equal to tho moment of the reaction R with respect to the same point. 

Let OE = p, OG = p'; and let the angle EO B' lie represented by A, the variable angle 
formed by the direction of anv joint C'E' with the radius OB' by a, and the pressure of the water 
to the unit of surface at the depth considered by n. 

The pressure of the water upon an clement E' of the facing A'EB' is represented by Arfj, or 
by Rod o, since we have ds = pda. 

The moment with resjiect to tho point K of the elementary pressure F is thus 





and. 



flpiiaMK = App’ sin. ad a. 
i = A 



A). 



/ a = A 

App' sin. ad a = App'(l — cos. 

a = O 

Again, K N = p' (1 — cos. A), and, consequently, equation [44] becomes 
App' (1 — cos. A) st R p' (1 — cos. A), 



or Ap — R. And as A = » 



R = 



1 Fp$ 



[ 45 ] 



The value of R being determined, tho thickness E C = t may 1*» immediately deduced. 

The pressure to the unit of surface upon tho joint E 0 in the point E, where it is greatest, 
must be equal to the limit R'. This condition is cosily expressed by means of formula [10]; 



2 _P^ 

3 ui‘ 



= X. 



4 E 
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of R; 



x . 2 R 

It la sufficient tn make u = - . P = R, and we obtain = A V, or substituting the value [43] 



IV p 9 

A 



[46] 



m 



We must remark that a stone struct n re is capable of resisting as an arch only so long as tlio 
thickness nt the crown is not too great with respect to the radius. The present state of science, 
in the matter of the stability of arches, doe* not enable us to lay down with mathematical preci- 
sion the limiting value of this relation, but we may consider ns certain that the hypotheses which 
led us to formula [46] will not be realized if the thickness at the crown exceeds ti»e third of the 

radius. Let us, therefore, take ns the limit of x, x = |j, and ctdculate the corresponding value 

ofH. 

Formula [46] becomes £ = — — , and we deduce from it 

H = 'AV 

3 e 

Making A = 30, and 6 = we obtain II = 4*47, whence we must ooneludo that for barrages 

of a height greater than 4’" *47 we should be obliged to adopt a thickness at the crown much too 
great with respect to the dimensions of the radius to allow the materials to resist as an arch. 

Jfu-iiaum UreiultK of the Profile at the /lose in Narrow Valleys. — In the case of narrow valleys, the 
retaining wall of u barrage is built into the rocks on each side, aud this circumstance allows us to 
adopt a thickness somewhat less than that required when the wall resists by its own weight only. 

It is evident that the walls of a reservoir need never possess a thickness greater than the breadth 
of the valley at the height considered. 

1 , 1 -t V V V V*. Fig. 2*27.1, In* the section of the sides of the valley. A B C I) is the horizontal 
section of a wall having a thickness I) B equal to the breadth A B of the valley at the height 
considered; tmoe the diagonals AD, GB» oi MH 

square A BC II A barrage compos, d of the tri- 
angles A OB, COD, would be sufficient to resist 
the pressure of the water ; indeed, the thrust being 
nt each point directed perpendicularly to the sur- 
face pressed, we sec that all the forces, such ns 
F, F', F", pressing against the face A B will meet 
the ris*k between the point D and the |**int B, 
and that their action will be destroyed by the re- 
sistaiii-e of this rock. It will l>e the same with 
rcs|»cct to the force* applied to A O. 

Practically, we must hupjtose the triangle 
AO B tilled with masonry to support the upper 
portion of the barrage, which, cnrres|xmding to 
a greater breadth in the volley, has been con- 
structed to resist by its weight the action of the 
water. But the Uirrago formed by the square 
A B C D will evidently resist as well ns that 
formed by the two triangles AOC, BOD; the 
part A OB will net like a wedge designed to 
transmit the pressure exerted upon the face A B 
peri tend icnlarly to the diagonals AO and OB. 

Tire re-ultant 1* of the actions of the thrust upon 
the fuoo A B is resolved into two forces P* and P" 
normal to the diagonals OB. AO, which produce 
up* 'll these faces the same action ns that excited 
by the direct thrust of the water in the case in 

which the triangle A O B is supposed removed. ' 1 

Wo see from the foregoing considerations that a wall having tire thickness of the valley to bo 
barred will transmit directly to the sides of the valley the horizontal actions of the thrust of the 
water, and that it will thus run no risk of being overthrown. But to ensure the stability of the 
structure in a satisfactory manner from the point of view of the resistance of the materials, the thrust 
of the water mut in no point give rise ton pressure greater than R\ 

The height which a barrage may have without exceeding the limits of this condition is easily 
determined. The pressure exerted to the unit of surface on the face A II is represented by 11 6 : 
this pressure gives rise to two forces peri»cndicular to the diagonals C II A B or to the surface of 

the rocks ormnged in gradations parallel to these diagonals the value of which is To 

ensure this stability, this pressure must be equal at the mod to R* = A 8‘, ami, consequently, we 

Admitting as before, A = 30, 9 = - t we obtain 




. , H a „ „ 

ought to have —— = A a 
v 2 

II = 84 • 852. Hence we conclude thnt so Ion; 



w hence H = - V‘2. 
e 



as the height of the barrage docs not exceed 
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84* -852, it in not necessary to give it a thickness greater than the breadth of the valley to enable 
it to resist the action of the water. As barrages never reach this height, we may conclude in a 
general manner that the wall of a reservoir will always be ca|mhlc of resisting tlio action of the 
water, if at all |s>ints it possesses a thickness equal to the breadth of the valley. 

To determine a Profile for a Valley of given lh mentions. — If it Ik* wished to apply to a valley of a 
determinate breadth, a profile calculated according to tho conditions laid down in the early js*rtion 
rtf these remarks, its thickness may be reduced when it reaches a value equal to the breadth of 
the valley. The height beyond which tho thickness cannot be calculated according to those con- 
ditions may bo determined by a very simple geometrical construction. Thus, Fig. 2270, draw 
perpendicularly to the right line O O' the breadths O B", A'B\ A B, C' D', C D, of the barrage con- 
sidered at the various heights, and draw also the breadths 0 8, M' X, N' N, P' P, Q' Q, of tho valley. 
Join the points B", B‘, B\ L>', I>, which arc the extremities of tho first perpendiculars ; join in 
like manner tho extremities of tho S, M, X, P, etc., of tho second series of perpendiculars. Tho 
distance T T' from the point T, where the»c two lines meet at the top of the barrage, will bo the 
height sought. 

By giving to the barrage from the height TT'n thickness TT equal to the breadth of tho 
valley at this point, wo shall ensure its being capable of resisting tho action of tho water. At tho 
lower part there will lie an excess of section, since the breadth of the valley decreases, and since it 
is sufficient for the wall to have in every point a thickness equal hi this brendth. 

But it will nlso bo necessary to see that tho vertical forces which continue to l>e transmitted 
to the fomulations do not, in any point, produce a pressure to tho unit of surface greater than tho 
limit R\ This consideration will require an increase in the thickness of the wall from tho is»int T, 
but it will be lea* considerable than in the case in which the wall resists by its own weight, because 
the thrust F, being destroyed by the lateral resistance of the abutment*, will not linvo the effect 
of driving tho point of application E of the vertical force upon tho base towards the outer edgo A’, 
as in the case of Fig. 2272, for example. 




The dimension* of the lower portion of tho profile may lie calculated by the following consi- 
derntions ; — I^t M X, Fig. 2277, be the horizontal plane jwisaing through the height just determined : 
let M X = 6, M II = h\ s V the weight of the upper portion C I> M N of tho barrage, 8 the weight 
of the water acting npon tho inclined surface M B. a the distance at the point M from tho centre 
of gravity of the |iortion C D M X, and 0 the distance at the point X from the vertical resultant of 
the actions of the weight of the masonry and of the water upon the face M B. Wo will take as 
unknown B' H = y anil L A* = x. 

The question may l»e solved in the same way as those which we have already treated, namely, 
by expressing the pressure to the unit of surface at the points A' and B', according as the reservoir 
is full er empty, as equal to tho limit lt\ The equations of the problem will still bo the expressions 
/ 3 h\ P 2 I* 

[9] and [10], 2(2 — — ) — = A, - — = A, in which we must substitute for tho quantities 
\ l / i l 3 ii 8 

P,/. m, their values as functions of the data of the question. 

Considering, in the first place, the case in which the reservoir is full, we linvo 



Making, 



r = *8* + s' 8 + hX V + — + 
for greater convenience, 

8 ' 

s + s' 6 + b h' = <r, and 2 A + A* = H', P = - 




[2 o’ + A'x + yCA' + H'e;]. 



Again, u = A'K = / + l.K. 

The value of L K is found by expressing the moment of tho whole weight P, with respect to 
the jioiut X, as equal to tho sum of the uioinc-Qti of tho vertical forces composing it. 
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Making (j + «'#) $ + = h", wo thus obtain 

(2 A’ + 3 A’ 9) v’ + 0 (A' 4- II' 4) X'J + 4 Vx* + 0 A (*' + H* 0) y + 12 o' J + 1 2 m" 

“ = 6C2» r +A'o + y(A’ + H , «) 

Hnlwtituting this ralno of u ns well as thnso of P and / = A + j + y in [9] Bnd [10], wo obtain 
the following equation* 

I xy + 2 A 



2 A 

- H'd 

- 2 A' 



y* + 4X 
4- 2 II'J 
- 2 A' 



x* + 46 A 
+ 26H'0 
+ 2 6 A' 

- 8«r* 



.V + 4 6 A 

- 4 6 A' 
4-4«r' 



x + 2 A 6* 

+ 12 m" 

— 8 a 6 



= 0 . [ 48 ] 



y + 12 A <r' x+ 12 m"* 
- 8 A' o' - 8 a 



i=0. [40] 



2 A' A I y* 4- 0 A* A xy + 4A'A x* + 06A'a 

+ 3H'9A +«II'0A -2 A'* +66H*A0 

— 4 H' A' 0 -4H'A'fi — 8 «r' A' 

— 2 H'* 0* - 4 A** - 8 H' 9 a 

— 2 A** 1 I ; 

The first or the second of these equations will bo required according as u is greater or less than 

6 + x 4- y 



The pressure to the unit of surface at the point II' when the reservoir is empty, which pressure 
is equal to the limit R\ remains to 1* expressed. The equations expressing this condition differ m 
nothing from those numbered [80] 22 * 8 . 227*. 

and [81]. Combining one of these 
two equations with one of the equa- 
tions [48] and [49], we may deter- 
mine the unknown x and y. 

Having determined by the pre- 
ceding conditions the lower portion 
M N It' A' of the profile, we shall bo 
sure that the pressure to the unit of 
surface in A' or It', according as the 
reservoir is full or empty, will 1>© 
equal to the limit R', and that at the ' 
same time the* pressure at the corre- 
sponding points a' ami 6 # of the same 
horizontal section w ill bo less than this limit. The cube of the masonry may lie determined by 
dividing the surface M N it' A' into a certain number of zones, such as M N, m' n', w" »", and so on, and 
calculating the lengths m' A', f n', m" A", f' a”, and so on. Fig. 2278, to the condition that the pressures 
at the points m'n', m" n", shall be wjual to the limit adopted. The preceding formula* will serve to 
solve this question : it will be sufficient to suppose that H', instead of offering the height M H, is 
equal to the height M A' of the sections. 

If a graduated facing be employed in the upper portion, it will be well to employ the same 
system in the lower portion, Fig. 2279. 

The calculations are made in exactly the same way as those which we liave developed, always 
denoting the edge of the outer gradations by x, and that of the inner gradations by y. The equa- 
tions [48], [49], [30], and [31], are replaced by the following; — 




A 

- A' 

-he 


y* 4 - 2 A xy-f-A 

- 2 A' - A' 

4 - 2 A e 


x* 4 - 2 6 A 
4- 2 6 A' 

4- 26A0 
— 4 a 


V 4- 2 6 a 

4- 2 a 
- 46 A' 


x 4 - A 6 * 
4- 0 m" 
- 46o' 


j = 0. 


[50] 


3 A' A 
4 - she a 

- 4 A* 0* 

- 8 A A'0 

- 4 A'* 


y* + 6 V A x y 4* 3 A A' 
4- 0 A 0 A -4 A’ 

4 . 8 A A '0 
- 8 A* 

1 * 


x* 4- 6 6 A' A 
4- «6A0A 

- 8 o' A 0 

- 8 it* A* 


y 4* 6 A a' 
- 8 A' a’ 


x 4- 9 A m” ' 
- 4 o'* 


|=o. 


[51] 


1 

a; > 


y* 4- 2 a * y 4- a 

- 2 A* - A* 


x* 4- 2 a 
4- 26A 
— 4 6 A' 


y 4- 2 6 A 
-ia 

+ 2»v 


| * + A 6* 
I + <> m' 

1 — 4 6 a 


|=°. 


[«] 


:: A' a 
- 4 A* 


v* 4* 6 A A* | x y 4* 3 A* a 
— 8 A’ | - 4 A* 


x* 4- (1 A tr 
- 8A'<r 


| v 4- 6 6 A' A 
- 8 A'<r 


x 4- 6 A m' 
— 4<r» 


} = 0. 


[42] 



AppUoition of the Theory to the Calculation of Various Profiles of Dams . — To render more completo 
the theoretical considerations which we have developed above, wc liave applied them to the deter- 
mination of the prefile of a I sir rage , r »0 metres in height and unlimited in length, and of that of the 
barrage of tho Furens which dams the valley at a [mint where it is only 7 metres bread at the bottom. 

In these calculations we have supposed that the density of water being equal 1000, that of the 
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masonry would be equal to 2000, so that we have 5' = 2000, 8 = 1000, 6 — In choosing the limit 

K' for the pressure to the unit of surface on the masonry ami on the soil of tho foundations, we 
were led to Adopt (5 kilogrammes to the square ceutimetre, or 00,000 kilogrammes to the square 
metre, so that in these calculations we have B' = 00,000 and X = 80. Ity admitting this limit, we 
shall keep within the conditions of stability. The walls of the Ijarrage of Uosmelear, to which 
we have lx-forc alluded, and of Cloiuel on the canal from Nantes to Brest, support, in certain points 
a pressure greater than 0 kihtgrammes to the square centimetre, and these structures are in a state 
of perfect preservation, 

Profiles i ri(h Inclined Facings applied to Wall* of 50 metre* in height . — In the first place, wo 
determined two profiles for valleys of great breadth by means of the calculations develop .! in the 
early portion of those considerations. These profiles arc represented by Figs. 2240 and 2280. To 
the former of these we have already called attention when spenking of the borrage of the Furena. 

By means of the equations [1C] and [18] we first determined theheight C A, Fig. 2280, through- 
out which the inner face might Iw vertical, and the enrrotqionding breadth A B. We then admitted 
that the lower portion of the barrage should termiuate iu two 
inclined facings A A', B B', and the dimensions of this portion of 
the structure were determined by moans of tho equations [28] 
and [80], The barrage thus constructed possesses this property, 
namely, tho pressure to the unit of surface in tho |*>ints A, B, A', 

B', is erjual to 6 kilogrammes to the ‘square centimetre, but less 
than this limit for any horizontal section, such as m n, other than 
A B, and A'B'. Thus the pressure at the punt n in tho hori- 
zontal plane passing through the middle of 0 A, is equal to only 
l k, 73 to the square centimetre. 

The profile of Fig. 2240 is constructed in accordance with 
more economical conditions. We lmve supposed each of the por- 
tions Cl) BA, AB A'B', into which the profile is necessarily 
subdivided, itself divided into two portions. The dimensions of 
the portion (J D m n were determined by means of equation [22], iu which the height A was made 
vqual to 12 ‘00. The breadth rn n Imviug been calculated, the dimensions of the pirt m n A B were 
found by means of the equations [17] and [10]. To construct the lower portion A m' A'B' n'B, tho 
height of 24 metres which it i»oasesscs was supposed divided into two equal tiortions, and recourse 
was hod to the equations [29] and [31] to determine successively the breadths m' «' and A* B\ 

A profile so determined incurs a pressure equal to tho limit K' only through the sections m «, 
A B, ro'n' A' B'; for all other sections this pressure is less than 0 kilogrammes to the tsiuare centi- 
metre, as may be seen in Table A, columns 11 and 12 containing the pressures when full and when 
empty upon sections taken at every 2 mitres from the top. We may remark that the pressures 
when full are, iu the upper portion, for from reaching this limit ; this will not bo surprising when 
it is borne iu mind that the theoretical profile ought to lmve a thickness nul at the summit, whilst 
we hove beeu led to give it a breadth of 5 mitres. The curves of the pressures when full and 
when empty are described on Fig. 2240: Z X X X is the curve relative to tho ease in which the 
reservoir is full, and Z Y Y Y is the ctirvo when empty. Tho abscissa? such as X m Y n of these 
curves, which are nothing but tho value of win the expressions [1] and [2] that give tho pressures, 




are placed in columns 0 aud 10 of Table A. 

The profile we are considering is in good conditions of stability with respect to the pressure 
supjxjrted by the masonry: it remains to be proved whether the stability be equally sure with 
respect to the slipping of the courses of the masonry one over another, and of the whole structure 
upon the soil of the foundation. Wo havo seen that to cuntirc the stability of the structure in 

/a J ' — y h \ 

regard to this question of slipping, wc must have for each course 2 1 — I > b or at the limit 



/»«■/+ 7*\_ 

l «ir ) 



[M] 



In this equation / represents the coefficient of friction on the masonry, y tho force of cohesion 
in tho masonry to the unit of surface, 6 the breadth of the profile in the course considered, and % the 
surface of the portion situate above this course. 

Neglecting the cohesion of the masonry, and thus assuming unfavourable conditions, equation [43] 
8 H= 



1 2 s 8 V , 2 

becomes — ~ = 1, or / = — _ T - 

5lr #8 

In column K of Table A will be fouud the value of this quantity, which is none other than that 
of the ratio of the thrust to the vertical pre ssure. It will lie seen that the maximum value it 
attain* is O’ 7804, and as 0 m *7fi is usually admitted for the coefficient /, we may euuclude that the 
profile of Fig. 2240 is in good conditions of stability with resp’ct to slipping, even when we do nut 
take into account the cohesion of the mortar. 

F rutile of Eqvsit KemtUmce calculate! by the Af<proximntivc Aletkod fur a Wall 50 mitres in height . — 
The principles developed by us redirecting the determining of a profile differing but little from one 
of equal resistance, have been applied to a barrage 50 metres in height. The upper portion C 1) B A 
of this profile, which was reprenc?uted in Fig. 2241, was determined by meant* of the equation fSti]; 
the mnoinder of the Iwirrage was supposed to be divided into sections of a constant height of 

2 metres. The graduations int?ludod between the jdaue B A and C C"in that portion in which the 
profile is vertical on the aide of the water were calculated by lueaua of the equation* [87] and [381, 
taking care, when choosing the one suited to each graduation, to conform to the instructions which 
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wc have already given relative to this matter. The lower portion of the barrage was calculated by 
means of the equation* [30], [40], [41], and [42], Hut as theeo calculations are very intricate and 
tedious, when a sufficient number of graduations has been determined to give nearly the form of 
the curves passing through their re-entering angles, we may calculate the salient angles t and y 
tentatively by choosing as the first approximative values those which result from the intersection of 
these curves produced w ith the horizontal planes forming the base of the graduations, and modify- 
ing these values until the pressures resulting from them are equal to 0 kilogrammes to the square 
centimetre. Table 11, drawn up in tlie same manner ns the Table relating to Fig. 2240, contains all 
that it is interesting to know with respect to the profile of Fig. 2241. It will be seen that the 
maximum value to be given to the coefficient of friction, to satisfy the conditions of stability with 
respect to slipping, is 0*7324, a value less than the limit applicable to masonry. 

Comparison of the Profiles calcnlatetl. — Profile to If eulopied. — There is no need of insisting upon 
the advantages possessed by profiles deviating but little front one of equal resistance. It is perfectly 
clear that a reservoir wall calculated so as to offer on certain points pressures much less than the 
limit not to l»e exceeded, might, with a more rational arrangement, have had smaller dimensions 
without offering less security. The profiles of Figs. 2240, 2241, differ very little from one of equal 
resistance; the former admits the limit of pressure only upon the sections »i r», A B, »*'«', A'B'; 
the latter admits it upon all the re-entering angles of the graduations. In all the other {mints of 
the facing, in both profiles, the pressure to the unit of surface is less than the limit adopted. It 
remains for us to ooni|iare these two profiles. From the point of view of stability with respect to 
tho pressures, the advantages w hich they offer are nearly identical. The same may be affirmed 
with respect to the resistance to slipping: in tho former, the maximum value to be given to the 
coefficient of friction in the masonry is 0*7034, it is 0*7324 in the latter. Either of these profiles 
might ho chosen indifferently if no question foreign to stability had to be taken into consideration. 
But there ore other conditions in works of such magnitude which may not be overlooked. These 
are the suitability of the forms adopted to the materials to be used, the cost, and the effect produced 
from an artistic {mint of view. When the materials to be employed consist chiefly of jmrphyry, 
granite, or bnsnlt, stones which, for the most part, do not admit of Iming regularly cut, it becomes 
especially difficult to construct the facings with horizontal joints. The profile of Fig. 2241, how- 
ever, requires as an indis|H*iisahle condition that the facings should \xs wo constructed, and, having 
regard to the slight projection of the graduation, we should Ik* under the necessity, in order to 
obtain a solid structure, to cover them with stones equal in length to this projection. On tho 
contrary, the facings of the profile of Fig. 2240 may Ik* easily executed with materials hard to 
cut, by adopting the system of irregular joints, the only practicable one with the greater part of 
porphyries. From the point of view of cost, the prattle 2240 again offers the greatest advantages ; 
it presents, in fact, a cube of only 995"*30 to the lineal metre, whilst that of Fig. 2241 has 1028*75 
cubic metres ; the surface of the exposed facings is 110*70 square metres for the former ami 152*15 
square metres for the latter. Supjmsing 12 fram-s to be the price of the cubic mi tre of the ordinary 
masonry and 20 francs the price of the masonry of the facings, we have ns the cost by the lineal metro 
of Fig. 2240 tho sum of 122:10*88 francs, which ro*t is increased to 12710 *28 francs for Fig. 2241, 
thus offering a saving of 479*28 francs in favour of the former. This saving would really be greater, 
for we have snp{mwed the cost of the masonry of the facings to lie the same in both cases, whilst for 
Fig. 2241 it would certainly lie considerably greater. From the {mint of view of artistic effect, it 
seems to us that the outer face of Fig. 2240 presents a nobler aspect than the gr&duatious of 
Fig. 2241. 

The foregoing considerations lead ns to give the preference to the profile Fig. 2240, and that is 
the one we should propose if we were enlletl upon to design the wall of a large reservoir. 

Before leaving this subject, we will examine some objections made to a system similar to the 
one we propose by M.dc Snzilly. According to this well-known engineer, the principal objections 
to facings presenting a polygonal outline arc the following;— 

1. The acute angles formed by the horizontal sections of the wall and of the fncingH plnce the 
lnttcr in unfavourable conditions for resisting the weight which they have to sup]s^rt. 

2. The too gentle slope of the outer face favours the growth of parasitic plants, whose effect 
is always destructive. 

3. The execution of a facing having a polygonal contour, while presenting an ungraceful 
appearance, is attended with practical difficulties 

The last of these objections does not apply to Fig. 2240, since the outer face presents only four 
changes of inclination, the fir»t of which is alone perceptible to the eye. The second objection 
applies with greater force to the horizontal |*>rtion of the graduation of Fig. 2241. True M. do 
Sazilly proposes to cover them with a layer of bitumen ; but the growth of vegetation may lx? 
easily prevented on the facingB of Fig. 2240, and with less expense, by carefully executing the 
joints and keeping them in a good condition. The first objection, which is certainly the most 
serious, is of less importance in the case of our profile than in the ease of the one to w hich it was 
applied. Indeed, this latter has a polygonal contour concave with resjieot to the straight facings 
« 6. B a', n' B', of Fig. 2240. anti, consequently, the sides of this polygon make with the horizontals 
in enoh point angles smaller than those of our profile. But m any ease, this objection may be 
removed by arranging the masonry of the facings normally t« the surface of these facings. With 
this arrangement they w ill eertaiuly be in better conditions of resistance than those of the gradua- 
tions of Fig. 2241, which the pressure may tend to separate from tho mass of the structure along 
the linen which join the re-entering angles. 

Profile of the Barrage 50 nu'tres in heiyht constrtu'trd on the Furmr. — At the part where this 
barrage is constructed, the valley is only 7 metres broad at tho bottom, as shown in Fig. 2281. 
This circumstance, aj we have already seen, enables us to diminish the breadth of the Iwrrage at 
the bottom. To determine the point from which, the profile hnving reached the breadth of the 
valley, the horizontal thrust is destroyed by the resistance uf the rocks, wc have applied succca- 
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sivelv to the profiles 2210, 2282, and 2241 the construction shown in Fig. 2270. The lines OH, 
M'M, N'N, P'I\ Q'Q, drawn perpendicularly to the vertical line O O', are equal to the breadth 
of the valley at the heights O M\ O N', O 1*’, and ho on, aliovu the bottom. 

The lines O It", A' 11, A II, ( V D, C D, are eaual to the breadth of the profile. Fig. 2240 ; at the 
height* OK, OA, OB, OC', OC, the lines a b\ 6" a", and soon, represent the breadths of Fig. 
2241. Wo see from the construction that 
the breadth of the barrages reaches the 
breadth of the valley at a height above the 
foundation comprised between 14 and 15 
metres for Fig. 2240. and between 15 and 
Id metres for Fig. 2241. To avoid frac- 
tional numbers in the height of the sec- 
tions into which the profiles are divided, we 
have taken 14 metres for the first of these 
heights, and 15 metres for the second. The 
lower portion of the pn (files suitable to the 
valley of the Furens was calculated by meatnt 
of the formulas relative to valleys of given 
dimensions, and In this way were obtained 
the two profiles, Figs. 2242. 2243, referred 
to when treating of that barrage. The breadth of Fig. 2212 at the base was calculated by mcauH 
of the equation* [481 and [30], from which the values A'/> = */ and D'»/ =x were deduced. 
The graduations of Fig. 2243 were calculated by means of the equations [90] and [41], These 
two profiles are exactly similar to those of Figs. 2240, 2241, as far as the plane m' »', and 
Tables A and II contain all tliat is required to calculate their resistance. Table C contains the 
same elements for the lower }>ortiouH; only the horizontal conqmncut of the thrust being directly 
destroyed by the resistance of the rocks, the slipping of one course of masonry over another is 
rendered impossible; for this reason we have not given in this Table the elements relating to the 
resistance to slipping. 

It will be noticed that the curves of the pressures when full ZX X X in these two profiles 
present a point of retrogression where they meet the plane «'»*; there is nothing surprising in 
this, as it was from this plane that the horizontal component was supposed to he completely 
destroyed, but in reality the point of inflexion would have no existence, because on approaching 
the plane m' before being completely destroyed, the thrust would l*e weakened, and thus the 
curve of the pressures would be brought nearer the inner face, and would assume the form shown 
by the dotted line. 



2281. 




Table A. 



Hebcbt 
rn ensured 
from the 
Top.. , 

1 


Volume 
of the 
Uaaonry 
to the 
lineal 
metre. : 

2 


Red need 
Thkckitew. 

3 


Ratio 1 
of the 
Unkind 
Tbit-know 
to the 
Height. 

4 


Total 

Vertical 

Pressure*. 

5 


Horizontal 

Thrust* 

0 


Ratio 

Of the 

Prrutire 
to the i 
Thrust. 

7 


Value to Aheris**- Absciss* 
be dvm of the of the 
hi the Co- Curve of Carve of 
efficient of the Pr**- the I*rr»- 
Frictioa sure* . earns 
for Kqui- a hen 1 a lien 
1 librium. full. empty. | 

8 9 10 


Maximum 
Preaaure 
to the 
square 
centimetre 
ubeti full. 

11 


Maximum 
Pi won 
to the 
square 
ocn tunc I re 

when 

empty. 

12 


2 


10*253 


5*1205 


2-5632 


ton* 

20*506 


tun* 

2 00 


10*2530 


0 095 


2*62 


2-5fi 


kil<«. 

0*39176 


kilo* 

0*27002 


4 


21*012 


5 ■ 2530 


1*3131 


42 024 


8-00 


5*2580 


0*190 


2-59 


2*65 


0*91916 


0*85344 


« 1 


32*278 


5-3796 


0-8906 


64*556 


18-00 


3-5864 


0-275 


2-50 


2*69 


1*56894 


1 -34472 


8 


44*052 


! 5 • 5065 


0-6883 


88 * 104 I 


32*00 


2-7532 


0360 


2-28 


2*76 


2*52140 


1 84461 


10 


56 330 


5-6330 


0-5633 


112*660 


50 00 


2*2532 


0-440 


1 -94 


2*82 


3*86172 


2-34540 


12 


09-120 


5*7600 


1 0- 48(H) 


138-240 


72 00 


1-9200 


0-520 


1*54 


2-89 


5-98441 


2*83232 


14 


83*608 


5-9720 


0*4265 


167-216 


98 00 


1*7062 


0*585 


2*21 


3*02 


5*04719 


3*65052 


16 


100-993 


1 6*5120 


0*3945 


201-986 


128*00 


1-5748 


0*630 


2-78 


3*25 


4*83752 


4*15996 


18 


121-275 


6*7375 


0*3743 


242-550 


162 00 


1-4972 


0*665 


3-30 


3*56 


4-90193 


4-54354 


20 


144-451 


. 7-2227 


1 0*3611 


288-908 


200-00 


1*4446 


0*690 


2-78 


3*92 


5*09510 


4-91565 


22 


170-530 


7-7513 


0*3523 


341-000 


j 242*00 


1*4082 


0-705 


4*24 


4*32 


5-36106 


5 26631 


24 


199*503 


8-3126 


0-3463 


399*006 


| 288-00 


1-3854 


0-720 


4*69 


4-74 


5*66761 


5*60799 


26 


231 -380 


8-8992 


0-3422 


262*760 


1 338*00 


1*3690 


0-730 


5* 14 


5*19 


6*00020 


5-94619 


28 


267 020 


9*5364 


0-3106 


548*855 


; 39200 


1*4001 


0-7143 


6*31 


6* 1C 


5-79178 


5*78522 


30 


307 312 


10-2437 


0-3404 


645-240 


! 450 00 


1*4339 


0-697 7*43 


721 


5*81876 


5-68148 


32 


357*247 


110077 0*3439 


761*799 


1 512*00 


1*4879 


0*672 


8-57 


8-23 


5*85488 


5*73312 


34 


101*828 


11-8131 0-3476 


809120 


578-00 


1*5037 


0*665 


0*76 


9-26 


5*89248 


5*75856 


36 


456 055 


126682 


0-3519 


i 996*655 


648 00 


1*5380 


0-640 


10*83 


10*28 


5*99080 


5*86768 


38 


514-940 


13-5510 


0-3567 


1 1134-590 


i 722*00 


1*5714 


0*636 


12*12 


12*30 


6- 00372 


6-00088 


40 


579-283 


14*4821 


0-3620 


1306073 


1 800 00 


1*6383 


0*612 


13*89 


1*2-90 


5*96288 


5*90304 


42 


649*912 


15-4741 


0*3684 


1494:174 


882*00 


1*6943 


0*589 


15*69 


14*48 


5*91800 


5-84984 


44 


726*830 


16-5188 


0*3754 


j 1696-500 


| 96800 


1*7525 


0*570 


17*46 


1604 


5*93320 


5-80800 


46 


810-020 


17*6091 


0-3828 


1913-415 


1058-00 


1-8085 


0*552 


19 17 


1760 


5*93620 


5-85312 


48 


899-515 


18*7399 


0-3904 


2145*186 


1152-00 


1*8621 


0-537 


21*00 


1914 


5*92640 


5*98186 


50 


995-300 


19*9060 


0-3981 

i 


2391*783 


1250 -0J 


1-9134 


0*522 


22*76 


20*67 


5*99638 


500380 
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Table B. 



Height 
meuuml 
from UK- 
Top. 

1 


Volttmt 

of 

Masonry 

to the 
1J IK*ll 1 
metre. 

2 


Rfilncni 

ThtcknrsK. 

3 


Ratio 
<if the 
Kr-dnccd 
Thick 
to till* 
Height. 

4 


Total 

Vertical 

I’TOujurc*. 

5 


Horizontal 

Thrust*. 

6 


| Value to Atuca»M 
Ratio Ik- given | uf the 
of the to the Go- Curve of 
1’rewurc efttdentof the Pre*. 
to the i Frlctiun I sar ** 
ThrutiL , for Equi- 1 when 
i tibriuiu. j full. 

7 8 9 


AUkUmi 
4>f the 
Curve o 
the Pree- 
snrea 
when 
empty. 

10 


Maximum 
PreaAure 
to the 
square 
centimetre 
when full. 

11 


Maximum 
l*re»iture. 
to the 
square 
centimetre 
when 
empty. 

12 


9 


45*00 


5*0000 


0-5555 


t>m«, 

90*090 


tnna. 

40-50 


2-2222 9-4500 


1-15 


kiliel 

2*50 5*21739 


Inin*. 

1*80000 


11 


50*60 


5*1454 


0*4077 


113*200 


00*50 


1 8710 0*5344 


1*25 


2*58 5*99055 


2-59578 


IS 


70*44 


5*4184 


0*4168 


140*880 


84*50 


1 6672 0*5990 


1 * 50 


2*75 , 5*99533 


028171 


15 


80*78 


5*7853 


0-3850 


173*500 


112*50 


1*5427 0*0481 


1*92 


300 


0 01354 


3*81081 


17 


105*80 


0*2270 


0*3663 


211*720 


144*50 


1 4052 0*08*21 


2*35 


3-32 


0*01031 


4*23807 


19 


127*88 


6*7305 


0*3542 


255*760 


180*50 


1*4109 0*7057 


2-84 


3*70 


0*00037 


4*01308 


21 * 


153*02 


7*2806 


0-3409 


306*040 


220*50 


I 3S79 0-7204 


3-40 


4*12 


5*99567 


4-94700 


23 


180*44 


7 * 8880 


0*3429 


302*880 


264*50 


1*3719 0*7288 


4*03 


4-59 


0*00104 


5-20989 


25 


213*32 


8*5328 


0*3413 


420*010 


312*50 


1*3052 0*7321 


4-74 


5 09 


5*99992 


5*58169 


27 


248*84 


9*2162 


0*3413 


497*080 


304*50 


1*8653 0*7324 


5*58 


5 (S3 


5-9908.3 


5*88712 


29 


288*41 


9*9102 


0-3429 


579*985 


420*50 


1*3792 0*7251 


6 47 


0-42 


0*00229 


5*99072 


31 


332*52 


10*7204 


0*3460 


674*235 


480*50 


1 4031 0*7126 


7*57 


7*39 


0*01028 


5*99037 


33 


381*42 


11*5581 


0-3502 


780-250 


544*50 


1*4829 0*0978 


8*81 


8-47 


5*99029 


5-99064 


35 


435*30 


12*4888 


0 3553 


898*690 


612*50 


1-4072 0-6815 


10*13 


9 • (.15 


5*99890 


5 * 97899 


37 


494*62 


13*30X1 


0*3013 


1030*335 


084*50 


1-5052 0*0643 


11*50 


10*93 


0*00250 


5-90272 


39 


559*38 


14*3130 


0*3077 


1174*100 


700*50 


1*5438 00477 


13*00 


12 22 


5*97624 


5*99464 


41 


629*98 


15*3653 


0-3747 


1333*240 


840*50 


1-5802 0 0304 


14*07 


18*65 


5*98220 


5-90696 


43 


706*70 


10*4348 


0*3822 


1507*795 


924*50 


1*6039 00131 


16*38 


15*10 


5*97230 


5-99096 


45 


789*84 


17*5520 


0*3900 


1698*585 


1012*50 


10775 0*5900 


18*20 


16*77 


5*98100 


5*99716 


47 


879*70 


18-7170 


0*3982 


1900*430 


1104*50 


1*7200 0*5793 


2011 


18*48 


5*97802 


5*99909 


49 


976*00 


19*9300 


0*4007 


2132*190 


1200*50 


1*7700 0*5630 


22*12 


20*27 


5-98188 


6*00268 


51 


1080*00 


21 1941 


0*4155 


2377*295 


1300*50 


1*8279 0-5470 


24*27 


22*18 


5*99590 


6 00160 



Table C. 



Height 
measured 
from the 
Top. 

1 


Volume 
of the 
Ma*onry 
to the 

lineal niMre, 
2 


Reduced 

Tblckmas. 

3 


Ratio of 
the Reduced 
Thick n.-as 
to the 
Height. 

4 


Total Vertical 
Presaumc 

5 


AbaclBKie 
of the 
Curve of 
the Pre*. 
wires when 
full. 

0 


Absclxsa* 
uf the 
Curve of 
the l > rr*s- 
surea when 
empty. 

7 


Maximum 
l*n*BBure to 
Uie square 
centimetre 
when lull. 

8 


M Bxirautn 
Pressure to 
the aquatv 
centimetre 
when empty. 

9 


26 


233-61 


8*9850 


0*3455 


Fig. 2242. 
467*220 


5*20 


5*18 


5*98493 


600017 


28 


266*94 


9*5335 


0*3404 


540*500 


6*21 


614 


5*87128 


5*79087 


30 


307-00 


10-2333 


0*3411 


027*720 


7 32 


710 


5*88208 


5 1 33772 


32 


851-55 


10-9859 


0*3433 


724*420 


8*45 


8*04 


5*80224 


5-82776 


34 


400-59 


11*7820 


0*3405 


830*580 


9*5:4 


9*05 


5*96656 


5*93560 


30 


454*18 


12*6161 


0*8504 


946*490 


10*05 


10*03 


5*99930 


6 00 100 


38 


510*99 


13-4171 


0*3538 


1034-740 


11*57 


11*14 


5*07080 


5*90539 


40 


509*82 


14*2455 


0*3561 


1171*540 


12-35 


12*13 


5*38948 


5*97094 


42 


630*07 


15*0159 


0*3575 


1301*700 


13*31 


13*12 


5*28030 


5*95388 


41 


693-54 


15*7622 


0*3582 


1442*280 


14 09 


14*01 


5-53184 


5*99196 


46 


758-43 


10*4870 


0*3584 


1587*580 


14*82 


14*80 


5-03808 


5*98200 


IS 


825*34 


17- 1345 


0 • 3582 


1737*620 


15*51 


15*07 


5*90902 


5*98752 


50 


894*34 


17-8868 


0-3577 


1892*525 


16*19 


10*47 


0-00208 


6*00148 


39 


556*10 


14*2605 


0*3656 


Fig. 2243. 
1165*255 


12*75 


11*99 


5*99075 


0*00344 


41 


020*20 


15 1268 


0*3689 


1307*960 


13*90 


13*08 


5*99693 


5*99972 


43 


086*88 


15*9739 


0*8714 


1457*515 


15*01 


14*14 


5*99999 


5*99435 


45 


756*30 


16*8080 


0*3735 


1614*00.1 


16*12 


15*18 


6*00104 


5*99862 


47 


828*84 


17*6349 


0*3757 


1778*805 


17*24 


10*24 


5*99794 


6 00128 


49 


904*48 


18*4587 


0*3927 


1952*235 


18*38 


17*31 


0 00044 


5*99788 


51 


983*48 


19-2839 


0*3781 


2134*000 


19*55 


18*40 


5*99899 


6*00040 



All the reasons by which we were induced to prefer Fig. 22-10 to Fig. 2241 exist in favour of Fig. 
2242 against Fig. 2243. The cube of the masonry is 894*34 cubic metres lo the lineal mi tre, and 
it is 945*40 for the second. The surfaces of tho lacings are respectively 112*30 and 133*50 square 
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metres. Admitting the prices given above, the lineal metre of Fig. 2242 would cost 11003-26 
franca, a aum tlmt would be increased 11670 ’60 francs for Fig. 2243. There would thus be a 
saving of 676*34 franca in favour of the former, and this saving would actually In' greater by 
reaeon of the difference which would necessarily exist in the prices of the masonry of the facings. 
Wo are thus led to believe that the profile represented by Fig. 2212 is the beat. 

Comparing the price by the lineal metre of Fig. 2282 with that of Fig. 2283, we find that the 
latter exceeds the former by 1227*62 francs. Wo aee from this that the small breadth of the 
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valley of the Fureus enables us to reduce the cost by the lineal metre of barrage by about one- 
tenth without in any degree diminishing the stability of the structure. See Barrage. Docks. 
Drainage. Embankments. Gravity. Locks. Pressure, Cent™ of. Waterworks. Weirs. 

DAMPER. Fr., Regittre; Gkr., Rauchtchieber ; Ital., Registro; Span., Vdlvuia atemperadora. 

See Blast Furnace. Boiler, p. 31K). Chimney, registers, p. iHJO. Furnaces. Stationary 
Engines. 

DASH-POT. Fr., Apjxtreil d* t choc ; Ger., Stouapparat ; Ital., Ammorxatorc a etantuffo latino ; 
Span., Ciiindro para amortiguar chor/ues. 

See Brake, n. 621. Cam, p. IH)5. 

DATUM-LINE. Fr., Plan di niveau; Gkr., flrund odvr Standlinie ; Ital., Livello; Span., I’ la no 
de comjmracion. 

A datum-line is the horizontal or base line, from which the surface {stints are measured or 
reckoned iu the plan of a railway. See A. P. 

DEAD-CENTRE. Fr., Point mart; Geil, Todter Punet ; Ital.. runto morto. 

A dead-centre, or dead-point, is either of the two Gp|M*ite point* in the orbit of a crank, at 
which tho crank and the conn re ting-rod lie in the anuie straight lino. See Algebraic Signs, 
p. 42. Locomotives. Marine Engines. Slide-Valves. Stationary Engines. 

DERRICK. Fh., Martinet ; Ger., Dirkoder Piekfall ; Ital., Uni; Span., Urua. 

See Cranes. Elevators. Lifts. 

DETAILS OF ENGINES. Fr., Pieces de» machine s a rapeur; Ger., Einzelne Theiie ciner 
Match ine ; Ital., Parti dclle macch ine vapore ; Span., Pie tat de mdguinns. 

There are many minor contrivance* and mechanical appliances attached to steam-engines that 
require detached and particular investigations both with re*|>ect to mechanical arrangement and 
philosophical investigation. The details respecting such subjects we place under the heading 
Pc tails of Engines, 

Fecit- Pumps. —Simple Forcing-Pump. — The pumps which are in general use, and which are 
worked directly by the engine, are aimilur to that of which Fig. 2284 i* a transverse section. 

A feed-pump act* by overcoming the pressure inside the boiler. This circumstance, together 
with the small diameter which the pump has in nearly all cases, lia* led to the adoption of the 
solid piston, railed a pump-plunger , or simply plunger. (See Air-Chamber, p. 34.) This is tho 
system employed when a high pressure has to l»c overcome. 

The pump represented in Fig. 2281 consists of a cylinder A of cast iron or of bronze in which 
work* the piston or plunger B. This cylinder is furnished iu its upper part with u stufiiug-liox 
through which the plunger works. Below the stufllng-l>ox tho diameter of the cylinder is stiff i- 
ciently large to allow the plunger to work freely. The example which we give in Fig. 2284 
possesses the peculiarity of Doing cast in one piece; this is an arrangement that is often adopted, 
especially when the force exerted is not great. The lower {jortion of the pump consist* of a l*»x 
or chamber C of an oblong form, the interior of which is divided into two cotii|Kirtrncut* h and b\ 
communicating with the chamber C by means of the clack-valves D and D\ called respectively 
tucking and forcing valves ; the channels d and if connect these valves with the pipes K and E', 
and with the inner chamber. 

It will be secu from Fig. 2284 that in the arrangement adopted for forcing-pumps, the interior 
of the pump A communicates, on cue side, by a lateral opening c with the compartment 6, which 
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contain. tho anokinn-vnlvp D, ami. on the other. hy the lower orifice c with the under-eide of the 
forcing. valve I)' And in the name wnv the anetion-pipe F. coinmunicatea directly by the ehannel 
<1 with the lower Bi.ie of the valve I>. whilat the pipe K\ which leada to the Ivilcr, coinmunicatea 
by the channel <f, on the upper aide of the valve V, with the aecond eompartment i. 

It will lie Been from the foregoing explanation that when the plunger rieca a vacuum will bo 
formed in the chamber C. and the preaaure of the atmosphere upon the reservoir will. cnnacquratlv, 
force the water in through the pipe E by raising the valve D. When the plunger descend., on 
the contrary, the force exerted ii|».n the water will close the valve I>, and raise the other It, 
through which the water will rush by the pipe I” into the laiiler. 




The followin'^ details of the example wo have chosen w ill he of use. The form of the valve* 
will be aeon from Fig. 2285, which represents one of them in elevation, and ns seen from below. 
They consist of a flat disc with a conical edge to lit the mat, and a cylindrical plug hollowed or 
fluted on three sides to allow a passage to the water. Those valves arc adjusted to cylindrical 
orifices, the Upper side of which forma the clack -sent ; these orifices are concentric with the com- 
|mrtments A and A*, which are also circular ami open at the top, to allow the introduction of the 
valves. When the pump is at work, both of these compartments are hermetically closed by an 
iron lid e fitting upon a leather or lead washer. As it is necessary to lie able to examine tho 
valves easily, the lids e are held down by a single hand-screw F working through the stirrup- 
piece (J, affixed by hooks // to the body of the nump. This arrangement will be easily under- 
stood by referring to Fig. 2288, which gives a siuc view of the pump through a transverse section 
1 — 2 of the olack-l *>x b\ 

It will be noticed that each valve has, on its upper side, a short rod g ; this rad has several 
uses. It serves as a handle to turn the valve, or to take it out of its seat ; hut its chief use is, 
when the pump is working, to prevent the valve from rising out of the cylindrical aperture in 
which it moves. 

Tho stuffing through which the plunger plays has nothing remarkable but its simplicity. It con- 
sists of heinp. well greased and kept tight annual the plunger by the collar <« and two belts A A. This 
collar is rarely provided with a lubricating cup, as the stuffing is usually greased w ith tallow, 
and, as the apparatus works at relatively low temperatures, tho grease lasts a considerable time. 

We use the term “relatively" la-cause the feed-water is usually warm. Hut, if the tempera- 
ture exceeds 30 nr 40 degrees Cent., the pump will work badly; and if it be required to heat the 
feed-water by means of the waste heat, it will be better to effect tliis operation between the pump 
and the boiler, that the former may work with cold water otdy. 

The kind of pump which we have described nmy he of gun-metal or of east iron. With the 
exception of the valves, which ought to be of gun-metal nr bronze on account of their delicate 
functions, all the jmrts should be of the same material. It is the opinion of many experienced 
men that the presence of different metals in contact with water, tho action of which is always in 
some degree acid or saline, gives rise to a galvanic current which accelerates the oxidation of the 
metal. We do not assert the truth of this opinion; we mention it us one worthy of attention and 
requiring further research. 

In the ease of engiucs of direct action, feed-pumps are usually worked by means of a circular 
eccentric placed upon the shaft. A connecting-rod joins the eccentric and the pump-plunger. 
According to the arrangement shown in Figs. 2284 and 2286, the pump is fixed vertically; but it 
may be horizontal or inclined, with a slight alteration in the position of the Hack-boxes, as wc 
shall have occasion to show later. 

Sometimes the feed-pump is connected directly with the motion of the piston of the air-pump, 
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when there in a condenser ; but in that cn*e it is necessary to reduce the diameter of the plunger, 
because the stroke is relatively considerable. It is true that with the eccentric we may fall into 
the opposite fault, when wo do not wish to give it exaggerated dimensions. This latter condition 
is, however, more in accordance with the ordinary motion of a pump, which, except in the case 
of locomotives and engines driven at a high rah 4 of speed, is usually slow. When applied hi beam- 
engines, the pump is worked from the beam, and may have a greatly reduced stroke. 

The work of a feed-pump should, like the evaporation, be continuous, but, on account of the 
difficulty of making it correspond exactly with the loss in steam, it is necessarily intermittent. 
Besides, as a pump is liable hi irregularities, it is needful to give it greater power than theory 
demands, providing, at the same time, the means of suspending its action at pleasure. Tliis means 
is furnished by two different methods which do not oiler the same advantages. 

The first is to put it out of gear, and so to stop it completely. If the mechanism by which this 
is effected is easily managed, there is no objection to this method. 

In the second, the action of the pump is allowed to continue, and the cock in the suction-pipo 
is jxtrtmlly or wholly closed. This latter method is certainly not tlm best, for if the cock be closed 
the pump moves in a vacuum, nud if there be the smallest fissure the air will enter. Hut what is 
of greater importance is, that this regulating by means of cocks, which are more or less closed 
w hile the plunger continues its motion, gives occasion for mistakes which may result iu bursting 
the pipes or some portion of the pump. We have ourselves witnessed n fact of this kind. The 
connecting-rod widen worked the pump belonging to a powerful beam-engine was found to have 
been twisted, notwithstanding the great diameter of the rod, which was not less than from 4 to 5 
centimetres. An accident of this kind must lie attributed hi the closing of a c«x*k in the forcing- 
pipe, a circumstance which, in the cum- we have cited, was rendered more probable by the fact 
that the driver hud tho command of cocks on the boiler. 

Many methods have been proposed for regulating the fowl by means of a pump, by the level of 
the water in the boiler; few have, however, been adopted iu practice. 

Hut whatever method Is? adopted, accidents may lie prevented by providing the pump with a 
safety-valve. A safety-valve not only prevents accidents, but it may serve to clear the pump of 
the air which the water always brings in with it, and which is one of the most frequent causes of 
stopisige. It is well known that when the pump raise* the water to a considerable height it pro- 
duces a corresponding vacuum which disengages the air from the water. The air thus introduced 
into the pump, ascends to the upper portion, and gradually accumulates till its pressure hinders the 
sucking-valve from opening. This can be got rid of only by opening a cock placed for this purjMisc 
on the pump or by lifting the safety-valve when there is one. 

The pmnp, Fig. 2287, belongs to a two-cylinder engine. It differs from the preceding in the 
arrangement of the clack-boxes and in being provided with a safety-valve. 

The clack-box is a kind of tube (r, independent of the 
body of the pump nud communicating with it by a tubular 
passage. The inside of the tube C is constructed to receive 
the two valves 1) and 1)', which are, in this case, one above 
the other, and unequal in size, as they must lx? introduced 
through the same aix*rture <r. The suction-tube is in con- 
nection with the cock B below the cinck-box. A pipe in the 
ixirtion 6' of the Inttcr provides the communication with tho 
boiler. When the pump-plunger ascends, the water Hows 
through the passage d, forces up the valve l>, and enters the 
pump by the passage <f between the two valves. When the 
plunger descends, the valve L>* is forced up, and the water 
escapes from the compartment 5' into the boiler. 

It is clear that this arrangement is inferior to those in 
which the valves are quite free of each other, as in the pre- 
ceding example. To examine the lower one, it is necessary 
to remove tne upper, ami the flow of tin* water, which 
changes its direction at each stroke, seems less rational 
than iu the pump represented in Figs. 2284 and 2280. 

We come now to consider the safety-valve to which we 
have alluded. This valve H, of small dimensions, is situ- 
ated in the upper portion of the purnn where the air is 
likely to accumulate. The valve is loaded by a horizontal 
lever I, having a projecting piece <! corresponding to the 
valve, to which it transmits the action of tin* weight J. 

This valve, which is absolutely necessary to prevent accidents contingent on the ill-timed 
closing of a wick, or any cause which may hinder the flow of water into the pump, serves also to 
give egress to the air which is continually accumulating. The conditions of the equilibrium of 
this valve, as in the ease of safety-valves on boilers, have as a basis the internal pressure. The 
pump-valve must offer an excess of load over this pressure; indeed, it is clear that it may resist 
this pressure up to the practical limit of resistance of the weakest portions of the pmnp. 

K. Hourdou’s Pump, Figs. 2288 to 2290. — 1 The first example is a horizontal pump applied to 
the horizontal engines constructed by Bourdon for flour-mills at Odessa. These engines are of 
2.7 horse- power. Fig. 2288 is a vertical section, and Fig. 2289 a transverse section along tho 
lino 1 — 2. 

The peculiarity of this pump consists in the construction of the clack-boxes and the valves, the 
latter being hinged. The main or central portion A is providtd with two |<uwages c and c\ exactly 
symmetrical and terminating in smooth projections. I’pon these projections are fixed, by means 
of screws, two bronze seats 0 and C' which have the curved passages d and c* t and tho parages 
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The neats C and C' are enclosed in bell-shaped covers c, forming the chambers or clack-boxes 
fc and I/; these covers are held in their position bv the stirrup-piece G and the screw F. The 
valves themselves are solid discs fixed by a hinge. It should be remarked, however, that for small 
dimensions engineers generally prefer the kind described in our first example, which requires less 
delicate adjustment and which is less liable to get out of order than the hinged valve. 

This pump is remarkable for the neatness of its construction and the very rational way in which 
the water circulates through it, without any sharp angles or changes of direction. The clack-boxes 
too, being independent of their stats, allow of repairs being easily effected. The body of the pump 
is of cast iron, but the valves and the boxes are of bronze. With regard to the details of construc- 
tion, we have to notice that the pump-plunger B is hollow to allow the connecting-rod J, which is 
jointed to its lower extremity, to work in it : the object of this arrangement being to lessen the 
length of the whole mechanism without shortening the connecting-rod. This pump is famished 
with a safety-valve 11 of the kind described alnove. Vertical pumps arc fixed by the base ; when, 
ns in the present case, they are horizontal, they are fixed by the part j. Fig. 2289, which is cast 
with them. The bolts h of the collar differ from those of the other examples in having, in the plnco 
of the head, an eye which jsuows over a tenon or the same form, cast with the pump. 

Fig. 2288 represents a vertical pump constructed exactly like the preceding one with respect 
to the valves ami boxes. The various parts are marked with tho same letters as in Figs. 2288, 
2289. When required to perform tho same functions os Edwards* pump, this one is evidently 
far preferable. 

Wo have an inqiortant remark to make relative to hinged valves ; — Whatever the jjositionof tho 
pump, the position of the valves must Ih> such that they may rest naturally and of their own 
weight upon their seat, without any assistance from tho pressure developed by the play of tho 
plunger. If this Ik; not the case, tin* play of the valves, which it is always difficult to keep regular, 
will be faulty, and the pressure of the water will seldom he sufficient to force them back into their 
places in time. See Pumps. 

Ditnetuums of Fted-Pxtmpf. — When we know exactly the volume of water requisite to supply an 
engine, the tic-termination of the dimensions of the pump is only a matter of simple calculation ; lmt 
as the |tower of a pump is not strictly limited to the volume of water which is absolutely necessary, 
the subject demands some consideration. 

Vo/umc. — In most steam-engines, the pump-plunger makes as many strokes as the piston : if ' 
the circumstances were the same in all engines, the volumes engendered by the piston and the 
plunger would be proportional, and we might thence determine the projuntions of the feed-pump of 
low-pressure engines, lint as each engine nmv offer particular conditions, hucIi as length of admis- 
sion ami pressure of the steam, it is more rational to endeavour to discover the weight or the volume 
of water to which each special set of conditions correspond!. 

The quantity of water consumed by a steam-engine may vary from 45 to 9 kilogrammes for each 
horse-power an hour, not including that which, in all cases but in different proportions, is carried 
oil’ by the steam, but which must lx? taken into account when it is required to fix the work of the 
pump. In the presence of variations so considerable as these, it would seem that wo should have 
to assign to feed-pumps as many different proportions as there wen? different conditions, ltut it is 
passible to reduce the problem to more general terms, by remarking, in the first place, that the 
circumstances in oue and the same engiuo are much less variable when tho steam is not used 
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E and E to which are affixed tho suction and the forcing pijjes. It is remarkable that, according 
to the natural play of the valves the |*»SKago </ is in direct communication with the suction-pipe, 
and the passage c* with the ehaunel c\ whilst the other channel c is in direct communication with 
the chamber 6. 





DETAILS OF ENGINES. 



expansively than when it is so used ; and, in the second place, that in the two cases we may bring 
under two heads engines with and without condensation. 

We may thus lay it down : — 

1. That an engine in which the steam is not used expansively and which has no condenser, 
consumes, as a mean, 40 kilogrammes of water in utilized steam, by the horse-power, an hour. 

2. That, for an engine in which the steam is used expansively and to which there is no con- 
denser, the power of which engine may vary as much as ^ of the nominal power, and the specific 
consumption in st«*am of which is, oti the average, 20 kilogrammes, the pump must be constructed 
for a higher consumption, namely, about 30 kilogrammes. 

3. That, for engines in which the steam is used expansively and to which there is a condenser, 
the power of which engines varies in a similar degree, and the consumption of which varies from 
18 to 9 kilogrammes, the mean lieing about 15, the pump must ho constructed for a consumption of 
from 22 to 25 kilogrammes, by the horse-power, an hour. 

If now we modify these quantities, on account of the imperfect working of the pump, which 
allows us to reckon upon a real production of only 70 per cent, of the volume theoretically engen- 
dered by the plunger, and odd to them at first 15 per cent, for the possible quantity of water not 
evaporated, we arrtvo ut the following conclusions; — 

High-pressure Engines without Expansion. — The piston or plunger of the feed-pump should 

40 x 1*15 

engender, os the sum of the single strokes, a volume equal to — s 65*714, or about 

06 cubic decimetres to the horse-power an hour. 

30 x 1 * 15 

High-pressure Engines with Expansion, — In this case the volume will equal = 40*286, 

or almnt 49 cubic decimetres to the horse-power an hour. 

Low-pressure Engines with Expansion. — For this kind we fkid as the maximum volume to be given 
25 x 1*15 

to the feed-pump — = 41 *071, or about 41 cubic decimetres to the horse-power an hour. 

These numbers, taken as bases of comparison, enable us to compute the real dimensions of 
the pump, the volume of which is the quotient obtained by dividing by the number of double strokes 
an hour. 

Supj)ose, for example, that it Is required to find the volume engendered by the piston of tho 
feed-pump of a low-pressure engine with expansion, of 25 horse-power and making 30 revolutions 

41 x 25 

a minute, the pump being driven directly, we have ^ x ~ 60 ; = ® cubic centimetres. 

Tho piston of the food-pump of M. Bourdon’s engine which corresponds to the foregoing data, 
engenders, by each single stroke, a volumo of 630 cubic centimetres. 

The work of a feed-pump being intermittent, the supply of water while tho pump is at work 
must be greater than the consumption. The numbers given above are, therefore, only bases, since 
the capacity of a pump may be increased by this single fact. Sometimes its dimensions are greatly 
exaggerated in order to be able to obtain from it, in case of need, an excess of work. This is a very 
pernicious method, and it ought never to be ndopted. 

Diameter and length of Stroke. — The diameter and tho length of stroke are only an arithmetical 
deduction from the volume found for a single stroke, and, consequently, have no other interest than 
the variable relation which may exist between them. The pump-plunger is often driven directly, 
and gives the same number of strokes os the piston. In this case the length of stroke must be 
reduced in order that the speed may not excowl a certain limit, beyond which the performance of 
the pump is bad and tho resistances considerable. In fine, it may bo said that the diameter and 
the length of stroko of a pump-piston defend absolutely upon the arrangement of the mechanism, 
and liave no relation that may be established a priori. We have only to remark that the speed 
of the piston should never exceed 50 centimetres a second, and the number of pulsations 100 a minute. 
For an engine turning at a higher rate of speed than this, a retarded motion should be given to tho 
punk 

Sections of the Voltes and the Suction and Forcing Pipes. — In many cases, and especially in tho 



pressure, and the greatest specific quantity of water to be injected, for, in this case, the total 
quantity of water becomes proportional to tho nominnl power. An analogous method would 1 k> 
applicable to the suction-tube of tho feed-pump if the water were free to enter the pump with all 
the speed due to tho vacuum caused by the suction. But it can enter only in virtue of the spore 
allowed by the plunger, the speed of which is, os we have seen, very restricted ; we must, therefore, 
take this speed as a starting-point, employing as a basis the mean volume of water assigned above 
to the three different kinds of engines restM*ctively. 



It may be admitted tliat the speed of the water through the suction-tube is, on tho average, 
O’" *50 n second ; but as the play of the pump is intermittent, we may put it at a continuous rate 
of 0 W *25 a second. Applying this method to the three kinds of engines, the volumes of water for 
which have been calculated above, we obtain the following results; — 

High-pressure Engines without Expansion. — We havo seen that the feed-pump of this kind of 
engine ought to supply 40 kilogrammes, or litres, of water to the hone-power an hour, plus 15 per 
cent, for the water carried off by the steam. The scctiou of the suction-valve of this pump, according 

, . , . 40x 115 



to this, is equal to the dimensions expressed in square decimetres, r? — ^ 

X oOUU 

about | a square centimetre to the nominal horse-power. 



= (H* 00511, or 
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IIi<]h-prc*mre Engine* with Expansion , — Operating in the name way for this sc-coml kind, we find 
30 x 1*15 

a* the section of the suction-valve - - = 0 00383 = O' 383 square centimetre to the horso- 

. ») X iW tOu 

power. 

Lute-pressure Engines with Expansion . — We o)>tnin ill the same way, 



25 x 115 
2 T 5 x 3000 = 



0*00319 = 0*319 square centimetre. 



These proportions are in accordance with those adopted in practice, though they cannot l>e 
regarded as invariable rules ; they should be used as a point of comparison, in order to lx* sure of 
not going below their value, which, oti the contrary, may lx* exceeded without inconvenience, if the 
general proportions of the pump will allow it. 

To give our renders a clear apprehension of the method of applying these proi>ortional bases, we 
will give an example. 

Example . — What ought to Ixj the hast section of the suction-valve of the feed-pump, applied to 
a low-pressure engine, with expansion, of 25 horse- jx>wer. 

The specific section being 0*319 square centimetre, we find for the power proposed, 

0-319 X 25 = 7*98 square centimetres. 

This section corresponds to a circle of about 32 millimetres in diameter, which is the size to be 
given to the suction-tube; ns to the valve itself and its seat, it should have dimensions which give 
an equivalent effoctive orifice, on taking into account its nature and arrangement. Wo repeat that 
an advantage will be gained by increasing the dimensions thus found, when the construction will 
allow it. 

It is sunnosed in the preceding rule that the height of suction is always much less than that 
which would allow tho water raised only an initial velocity, in the ascension pipe, of 50 centimetres 
a second. 

Taking a height of 6 metres as a maximum, the water would have, on this condition, a tendency 
to escape through the orifice of tho valve with a velocity always equal to 

c = »J 19*02 x (10™ *33 — 5 m ) = 10"**21 a second. 

It is customary to give to the forcing valve and pipe the same dimensions as to the suction 
valve and pijte, in which case the water acquires through them the same mean velocity. We have 
only one objection to make to this, nniucly, the pressure being much greater, and the pipe being 
often of considerable length, the resistance is greatly increased, atul thus the chances of rupture 
are multiplied. Consequently, while giving to the forcing-valve the same dimensions as to tho 
other, it would be prudent to increase slightly the diameter of the pipe, especially if it be long, in 
which case the resistance is augmented. It must not be forgotten, too, that the section of these 
pnssngi* is reduced in course of time by the deposit of matter brought in by the water, and which 
is suspended in it, or in a state of calcareous dissolution. 

Of even greater inqiortance is the avoiding of shnrp angles, almost doublings, which are some- 
times given to this kind of pipe under the pretext of hiding them in the masonry in w hich they are 
built. Uy such faults ns these, the section of the forcing passage is often so much reduced that the 
slightest accidental obstruction may cause the bursting of the pipe, or of some ]iortion of the pump. 

Self-acting Eee<l Apparatuses. — Feed-pumps rarely work with sufficient regularity to render it 
unnecessary to watch their performance. With a pump of small dimensions, without a reservoir of 
air, and moving at a considerable speed, it w ill often happen that the valves either get out of their 
seats or eloso imperfectly, this latter circumstance arising from the interposition of pieces of gravel 
brought in by the water. Often, when the pump has been stationary for a considerable time, it 
will not work till the clnck-boxoa have been filled with water. 

This uncertainty in the working of pumps, added to the difficulty of making their production 
corre*s|>on<l with the evnporization, which may bo increased without accelerating the speed of the 
engine and the pump, has led engineers to seek methods of regulating the supply of water by the 
level of the water in the boiler. One method of effecting this offers itself almost naturally to the 
mind. 

Suppose, in communication with the boiler, a tube of sufficient height to put the w*ater it con- 
tains in equilibrio with the pressure of the steam. If this column of water be in communication 
with a reservoir by means of a floating valve, it is char that this column, having a tendency to 
sink with the level of the water in the boiler, will supply at its Ixise the volume necessary to main- 
tain it while receiving an equal quantity from the reservoir alxive. Here, then, we have an appa- 
ratus that would evidently work well in theory. 

But this tulxj must have in height ns many times 10 33 metres, minus one, ns the steam has 
atmospheres ; consequently, even fora fixed high-pressure engine, the method is almost impractic- 
able. It has been employed, however, but only when the pressure has been Blightly above that of 
the atmosphere; in this ease the column of water may bo of a somewhat limited height. We will 
give an instance of one of these, lieforc we attempt to discuss some of the inventions for high- 
pressure engines. 

Fig. 2291 represents the apparatus applied to a boiler; it is the same us tlmt applied to most 
low-pressure engines on Watt’s system, and is composed of a column A, of about 3 metres in height, 
fixed to the boiler It with which it is in free communication by the tube C. The water in it. con- 
sequently, rises to a height corres|»onding to the excess of the pressure of tho steam above that of 
the atmosphere. 

The pressure in these boilers being at 1*2 atmosphere, or alxjut \ above the surrounding 
atmosphere, it follows that the column of water will stand at a height of about 2 metres above tho 
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lord in the boiler, or about the fifth of a coltuun of wator in equilibrio with n pressure of ono 
atmosphere. 

This column is terminated in its upper portion by a cistern D, the Irnttora of which is formed 
of ti piece E, shaped like a reversed funnel, the use of which we will explain farther on. This 
bottom is pierced with a small aperture provided with a conical 
valve or plug F. suspended by a rod <i to a lever G resting on the . ^ 229,1 

side of the cistern : one of the ends of this lever is attached to a 
rigid rod 6 entering the boiler through a tube H which plunges 
freely into the water ; this supports a float 1 of a circular xlm|>c 
on account of the tula? H, and of a density greater than that of 
the water. The other end of tho lever G supports a counter- 
|*rise e, to Ixdanrc the float. It must be remarked that the 
tube H, in which the water of the boiler rises to the samo 
height as in the princijwil column, has no other use than to 
render a stuffing-box for the passage of the rod b unnecessary. 

When tho water-level in tho boiler is at its normal j>oint or 
al>ove, the float I will not descend, and the valve F being held in 
its seat, tho water in tho cistern I) cannot get into the column A. 

If tho level sinks, on the contrary, the float follow's it ami lifts 
from its seat the valve F which allows the water in tho cistern 
to escape. This water being added to that of the column which 
is in et|uilibrio with the pressure, and the height of which can 
van* only with the pressure, it follows that a quantity of water 
equal to that escaping from the cistern enters the boiler and 
raises the level to its normal point. The height being restored, 
tlu» float ascends and closes the valve F. 

This apparatus may bo connected with the register of the 
chimney in the following manner. A float J upon the column of 
water, is attached to the chain A which passes through the orifice 
in the piece E, and is fixed at the other end to the register. The 
column in the tube A varying in height with the pressure in the _ 
boiler, tho register will be opened or closed by tho fall or rise j 
of the float J. jB 

Fig. 2292 is the pump belonging to the same engine, and is ! 
used to lift the water to the apisimtus deserilied ftliove. It differs j 
from other feed-pumps in being liftin ' / instead of forcing. 

This pump has only a small force to overcome, since its ! 
piston sujqH>rta only tho weight of a column of water equal to | 
the vertical distance from the pump to the feed-head, a distance 1 *tp-b 
of nlxmt 5 metres, or 4 atmosphere instead of 5 and upwards, 
which the force-pumps of high-pressure engines have to over- F- 1 -" - - 

come. _ _ 

The body of the pump A is open at its lower extremity. It 



is (silted to the box B in which are the clack-valves I) and 1 




The suction-valve F) is placed over a pipe C in communication j — ; 

with the tank receiving tho hot water from the condenser. The 
box of the second valve D' communicates by a tubular pas- nu 

sage K with the pipe lending to the feed-head. 

This kind of pump is now little used, because the water 
is sent directly Into the boiler, aud for this purpose a forcing- 
pump is better adapted. 

Apparatus for Iligh-pretsvre Engine *. — Wo havo shown 
above the principle of self-acting apparatus, and we have > 
seen that it may be easily realized when tho pressure in the ’ 
boiler exceeds but little that of the atmosphere. But for ! 
higher pressures other means have been resorted to, the ’ 
simplest of which wc will explain. It is right to add that * 
these various arrangements have been attempted more espe- \ 
cially in the case; of boilers that are not designed to furnish j 
steam to an engine, as in this latter case a pump may be used, 
and unlcsM the method of the pump could be improved upon, 
there was no necessity for resorting to other means. 

There is also apparatus working in conjunction with the 
pump, and designed to regulate the quantity of water intro- 
duced, by the level of tho water in the boiler. 

Feeding-tcssel. — This very simple apparatus works without 
a pump and under all pressures; it is employed for boilers 
used for heating purposes, or for any purpneo where steam is 
required without an engine. 

It consists in principle, as may lie seen from Fig. 2293, in 
placing above the boiler a vessel A containing a certain 
volume of water, which vessel may be put in communication 
with the boiler It, by two pijies C and I>, one entering above 1 
the surface of tho water in the vessel A, and the other below. 

Tho first pipe CJ goes from the steam-clmmber to the upper portion of the receptacle A ; tho 
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second D goes from the lower portion of tin; same vessel to near the level, and in some cases below 
the level of the water in the boiler. These two pipes are provided with cocks a and b ; when it is 
required to introduce water into the boiler, the first cock «i is opened, and the steam entering the 
vessel A. exerts its pressure upon the water. The second cock 6 is now opened, and both surfaces 
being subjected to an eoual pressure, the water will flow from the vessel into the boiler in virtue 
of the difference of height of the two levels. When sufficient water has flowed into the boiler, the 
cocks are closed ami the feeding sus|icnded. 

It will Ik? remarked that this operation requires the intelligent care of a man. But it inav bo 
made self-acting by means of a contrivance based upon the principle of floating valves, which is 
sometimes done. 

The lower end of the nipe D may be above or below the level of the water in the boiler; it is, 
however, preferable to place it below to avoid the boiling caused by the steam which would 
endeavour to force itself into the pipe if it opened into the sjMice occupied by the steam. But in 
this caw the cocks must be carefully managed ; for if the cock 6 were opened before the pressure 
had fully exerted itself in the vessel A, the water from the boiler would rush up into it, instead of 
the opposite effect being produced. 

We have supposed that tho feeding bottle was itself supplied with water by band, before set- 
ting it in operation, and for a determinate time. But this vessel may bo made to feed itself in 
tho following manner ; — 

A pipe provided with a cock puts it in communication with the reservoir; then a jet of steam 
is let into the vessel, which steam, by first expelling the air, and then being itself condensed, 
causes a vacuum which the water in the reservoir will rush up to fill. Of course, this method is 
practicable only when the vessel is not situated at too great a height above the reservoir. 



2293. 




Regulator working in conjunction with <i Pump.— The apparatus represented in Fig. 2204 has also 
been employed to regulate the introduction of the feed-water supplied by a pump working conti- 
nuously. It consists of a cylindrical l»ox A of cast iron or of bronze, placed upon tho boiler B 
with which it communicates by tho valve a, the rod of which is connected with a float C fixed to 
one end of the lever c. This box is closed at the top by a tubular cover e, tho inner orifice of 
which is provided with a valve b } upon tho same rod as tho valvo a, but turned in tho opposite 
direction, so that one closes when the other opens. 

The l*>x A is in free communication with the feed-pump from which tho water enters by the 
tubular (xissngc <7, situated between the two valves. The pipo e takes the water back to the 
reservoir. 

When tho valve a rests upon its neat, the other will bo withdrawn, and tho box a will be in 
communication with the pipe c. In this position, the water which is constantly supplied by the 
pump will not enter the boiler, bnt, passing through the valve 7>, will pass Imck to the reservoir 
through tho piper. If, on tho contrary, the valves are in the opposite position, tho water will flow 
only through tho valve n, and will thus reach the boiler. 

If we could rely upon the regular working of tho float, such an apparatus would be perfect 
But any derangement of its mechanism, capable of hindering wholly or in part the play of the 
valves, is of serious consequences, Binco the several parts are out of sight, and to remedy the fault 
it is necessary to stop tho boiler and to allow it to l>econie sufficiently cool. 

Higginbotham and Gray** Apparatus. — This npparntns is founded upon the principle of the con- 
trivance called a cataract, which, as is well known, utilizes a constant flow of water to produce 
intermittent actions by n cock or » valve. 

It consists of a box A, Fig. 2295. placed on the top of a piece with two pipes B and C which 
descend into the boiler. The pipe B descends marly to the bottom of the boiler, ami communi- 
cates with a separate compartment I), inside the liox A. The communication may, however, be 
intercepted by a clack-valve a closing from the force of an upward pressure. The other pipe C 
opens into the space occupied by the steam, and ascends by a continuation C' in the l>ox A, or 
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rather in the interior of the comportment D, with whicli it communicates nt the top when the 
other valve A, which opens downward*, is lowered. 

Before explaining the action of the cataract, the work of which is to close or open this latter 
valve, let us see more in detail the arrangements which 

The box A is filled with water which may pass in 
part into the comportment D, by raising a third valve c, 
shown in the figure by dotted lines. 

Suppose this valve closed, the valve b open, and the 
coni|skrtm<nt D partly filled with water. The steam 
introduced through the inu^oge C will enter the com- 
partment D, and exerting its pressure upon the water 
therein contained, the same effect will be produeed as 
that explained above in reference to the feed-1 *>ttle : 
both surfaces being equally pressed, the water will flow 
into the boiler by opening the valve a. 

If now the valve b he brought down upon its seat, 
the steam which occupied the up|>er portion of the com- 
partment l). being cut off from its source, will be con- 
densed. leaving a vacuum, the double effect of which 
is to close the valve a by the predominant pressure in 
the boiler, and to open the bottom valve c by the action 
of the atmosphere which presses constantly upon the 
wutcr in the receptacle A. A portion of the water con- 
tained by the receptacle A will therefore paa* into the 
compartment I). 

To complete the description of this ingenious con- 
trivance, it remains only to explain the method by 
which the valve A, the prime mover of the whole system, 
is opened anil closed at the proper times. 

This valve 6 is connected with the balance E, having 
its point of oscillation above the comportment D. One 
end of the balance is provided with a weight F, and the other supports a kind of box G, triangu- 
lar in section, and capable of outweighing, according to its point of suspension, the end F. A pipe 
II leading from a reservoir jioura its water into the box G. The pipe has a cock I, connected with 
the arm of a float J, which rises and sinks with the level of the water in the receptacle A. 

If we take the mechanism in the situation in which it is represented by the figure, tho water 
flows into the vessel G, which is now outweighed by the weight F, a state of things that keeps tho 
valve A closed. But the flow through the pipe li continuing, tho vessel G is soon sufficiently 
filled to overcome by its weight the counterpoise F and the pressure of the steam against tho 
valve A. It therefore sinks, carrying with it the lever E, and giving rise to several simultaneous 
actions, which, for the sake of perspicuity, wo will indicate sejwrately. 

1. The valve A is removed from its scat, to allow a passage of water into tho boiler, under con- 
ditions described above. 

2. The vessel G strikes against the edge of the receptacle A, and pours into it tho water which 
it contained. 

3. The water thus received into the receptacle raises tho level, and with it, of course, the float 
J, which, in its turn, closes the cock I and stops the flow of water through the pipe H. 

4. The vessel G l**ing empty is outweighed by the counterpoise F; the lever E ascends; tho 
valve A is brought up to its seat, ami the work of feeding the boiler is suspended. 

From what has already been said, it will be sceu that the closing of the valve A causes tho 
water to pass from the receptacle A into the compartment D. The level in A being thus reduced, 
the float J sinks, the water again flows through the pipe H, and the same actions arc repeated. 

With resjsTt to tho length of the intervals between these various occurrences, we see that the 
time during which the valve A is open is fixed, since it can last only while the vessel G is pouring 
out its contents. Consequently, the introduction of water into the boiler is effected in equal quan- 
tities. And the interval between each of such introductions must evidently denend upon the time 
required to fill the vessel G. Thus the total quantity of water furnished mny dc varied by means 
of a cock or other contrivance upon tho pipe H. 

It is important to remark, that if the level of tho water in tho boiler rises above its normal 
point, on account of a slower prrxluction of steam, or bv an excess of supply, the introduction of a 
fresh supply will cease as soon as the level has reached the lower end of the pipe 0. 

It is evident that in this situation, the steam being unable to reach tho top of the compartment 
D, no flow of water can take place between it and the boiler; but the play of the vessel G still 
continuing, the water thus supplied to tho receptacle A flows off through a pipe d provided for 
this purpose. 

This apparatus is suited to all pressures: hut it doe* not seem capable of utilizing feed-water 
of a high temperature relatively to that of the steam, tho condensation of which, in the compart- 
ment D, should, in the matter of rapidity, be in a direct ratio with the play of the vessel G, to allow 
the proper introduction of tho outer water into this compartment I). 

Self-acting Feed Regulator . — This invention is a very ingenious one and likely to produce safo 
results. 

Fig. 2206 represents one of the many arrangements of which this apparatus is susceptible. 

The inventor characterizes the principle ns ** a volume of water in a changed medium that is, 
taken from the surrounding atmosphern and introduced into a new medium in which the inner 
pressure of the boiler prevails, a medium from which the water may freely flow into the hoilcr as 

4 r 



enable the water to enter the boiler. 
22 * 5 . 
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thAt therein contained l>eeomes exhausted ; tlie fluctuations of the level in the boiler thus being 
tho motive and regulating cause of the supply. 

As shown by the figure, the instrument consists of a bronxe case B, fixe<l on the outside of the 
boiler, in which case moves a cylindrical piece A passing through it. This piece, which forms a 
kind of register, is the measurer or moving receiver of 
the apparatus ; it is subjected to a rectilineal, recipro- 
cating motion, like a piston nr a valve the functions of 
which it discharges simultaneously. 

On each side of the central aperture in which the 
register works there are two channels D and E opening 
into it. D communicates with a pipe G hading to the 
reservoir of feed* water which is placed a little above 
the apparatus; K communicates with a tube H open- 
ing directly into the boiler, at the height at which the 
level is to he mnintainetl. 

A third channel F communicates with a pipe I 
which opens into the boiler at a certain distance below 
the normal level. 

The piston-valve A is provided with a cavity C 
pierced with three orifices a, 6, and c. The orifice a is 
on the same side ns the pipe D from the reservoir; h 
and c are on the opposite side and At a distance apart 
equal to that of the orifices of tho channels E and F, 
with which they must correspond when the piston is 
in the lower position, whilst in tho opposite position 
the orifice a coincides with the mouth ol the channel 1). 

The reciprocating motion of the piston produces the 
following effects. 

The water fmm the reservoir, flowing continuously 
through the channel 1), fills every part of the appa- 
ratus, including tho pipes H and I, and takiug as an example the position represented in tho 
figure, that is, the piston A at the end of the stroke, tho water contained in the apjiarntus is in 
free relation with the boiler the pressure of which it supports, whilst its communication with the 
reservoir is cut off by the orifice « sinking below that of the channel D. In this position, water 
may flow* into the boiler, hut only on the condition that the level in the boiler is below the mouth of the 
pipe If ; otherwise no drop of water ean pass from the apparatus. 

If the mouths of the pipes II, I, are covered l>y tlie water in the boiler, which transmits the 
pressure of tho steam, the water contained in the apparatus is in the Bamo condition as mercury in 
a barometrical tube which is too short to be in cqtiilibrio with the pressure of the atmosphere ; the 
tube would in this case be completely filled with mercury, which, instead of flowing out, would be 
driven up to tho top of the tube. 

Hut when the level sinks sufficiently to uncover the mouth of the pipe H, the steam dividing 
tho liquid column may reach the top of it. and exerting its pressure above the mass contained in 
C, the water will l>e in a medium of equul pressure, and will flow through the pipe I under the 
influence of its initial height, from h to E. 

It follows from this arrangement, that the apparatus, though constantly in communication with 
the reservoir, will not allow any water to enter the boiler till the level sinks below its normal 
point; but when this is the case each stroke of the piston may send into the boiler all the water 
contained in the apparatus, a quantity that is replaced by the reservoir when the piston reaches 
the other end of the stroko and brought the orifice a opposite that of the channel D. 

Here, then, we have an ingenious instrument capable of self-action, certainly infallible, and 
requiring no valves or cocks of any kind. Without stopping its action for a moment, no atom of 
water can mss into the boiler while the level is at its normal point, but as soon as the level sinks 
in the smallest degree below this point, a fresh supply brings it back to its former position. 

In applying this apparatus to a boiler, it is desirable to place the injection -pipe iti that part of 
the boiler where the water is least agitates!, which, in the case of fixed engines, will bo the part 
farthest from tho furnaco. In the case of locomotives or steam-vessels, the pipes H and I may be 
made to communicate with a receptacle placed on the outside of the boiler and forming a kind of 
water-level, the transverse section of which, being small, would render less sensible the accidental 
oscillations of the general level. These are details of practice that may be easily contrived. 

As to the details of the model represented by tho figure, they require only a passing notice, 
as the apparatus is merely one of principle, and far from being a definitively chosen Arrange- 
ment. 

The piston A, though turned very exactly to fit the aperture in which it works, is provided on 
each side of its orifices with an elastic band or washer d to prevent any escape. The reciprocating 
motion may be communicated to it in several ways. But as the passage of the water from the 
reservoir into the apparatus, or fmm the ap|>arntu* into the boiler, takes place at the ends of the 
Btroke, the piston should rest a moment in that position. This might easily lx* effected. 

The parts marked J in tho figure are those by which the apparatus is fixed to the boiler. 

Section of the fnjection~Tu.be fur Condensers.— We have based our calculations of tho section of the 
injector and the air-pump of condensers upon the following Table. 

This Table shows, as we might, indeed, have foreseen, that the quantity of water to l>e injected 
for the purpoae of effecting condensation in the same final conditions decreases as tho initial pressure 
increases and as the expansion is prolonged. The proportional weight of cold water to that of 
steam expended increases, however, with the pressure, and, as the last column of the Table shows. 
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26 times ita own weight of cold water is needed to oondonae steam at 1 atmosphere, a proportion 
that becomes 27 for 7 atmospheres. 



Table op tub Quantities op Cold Water requisite for Condensation, this Water ririxo 

TAKEN AT 1 2° ; TIIE CONDENSING WATER RAISED TO SU 9 ; AND THE RATIO OP THE USEFUL TO 
THE THEORETICAL WORK OP TIIE STEAM BEING 50 PER 100. 



In 

nlmo- 

epbercs. 


Weight of Cold Water to be injected to the horse-po 1 


wer an hour, In kilogrammes. 


Ratio of tbe 
weight of tbe 
Water injected to 
that of the Con- 
densed Steam. 


Full 

prtairar*. 


Admission 

* 


Admission 

t 


Admission 
1 * 


Admission 

t 


AdraUdon 

* 


AdmUdon 

i 


Admiaalan 

A 


1 1 


895 


539 


1 44 ? 1 


405 ; 


i 382 | 


369 


, 853 


850 


2618 


2 


812 


487 ! 


394 1 


352 


325 


309 


288 


275 


26*45 


3 


704 


459 | 


| 374 


832 


305 | 


289 


265 


252 


26*52 


4 


749 


446 


361 


321 


294 1 


275 


251 


240 


26*76 


5 


• 737 


438 


, 355 


314 


287 


269 


247 


231 ! 


26*90 


6 


1 724 


431 


347 


307 


283 


264 


242 


226 j 


26*92 


7 


713 


421 


j 343 


302 


278 


259 


238 


223 1 


27 00 



To show the use of the above Table, let us consider the following question. What quantity of 
cold water is required for purposes of condensation in a fixed engine of 30 nominal horse-power, 
the pressure being 5 atmospheres and the degree of expansion 6 to 1 ? 

The Table gives, for these conditions, 269 kilogrammes to the horse-power on hour; which 
makes for 30 horse-power, 209 X 30 = 8070 kilogrammes or litres an hour. 

Thus we have to the second = 2*241 litres. 

3000 

And for a flay of 12 hours, 8070 x 12 = 90840 = 90*840 cubic metres. 

This volume of water is considerable, and shows the necessity of considering the capabilities 
of a place in this respect, before having recourse to a condensing engine. 

The water is injected into the condenser through the mouth of a pipe which plunges directly 
into the tank, or which simply communicates with a reservoir fixed at the same height os the 
condenser. 

Though thoro is no reason why an excess of section should not be given to this pipe ns well as 
to the ajutage at the end, and the supply be regulated by a cock, it is none the less profitable and 
interesting to consider the minimum of this section. 

When the pipe plunges directly into the tank, the velocity with which the water will be injected 
into the condenser will depend on the difference of the pressure of the atmosphere and the sum of 
the counter-pressure added to tho height of the suction. When the water has been previously 
raised to the height of the condenser, the initial pressure is that of the atmosphere diminished by 
the counter-pressure. 

In the former of these two conditions, the height at which injection would be impossible may 
be easily foreseen; it is the same ns for an ordinary pump. Not only must this limit never be 
reached, but at a height which would render tho work of suction doubtful the water must be raised 
by means of an auxiliary pump. 

To deduce tho minimum section of the injection-pipe, let us assume 5 metres to be the maximum 
height of suction and 4 atmosphere the extreme of the counter-pressure. 

The velocity with which the water will be injected into the condenser, under these conditions, 
will be (see Armengaud’s Treatise on Hydraulic Motors), 

v = a/loffi x (10*333 — 5“ — 2*667) = 7" *23 a second. 



The greatest quantity given in tho preceding Table is 895 litres to tho horse-power an hour, say, 

900 

in round numbers 900, which gives to tho horse-power a second = 0*250 cubic decimetre, 



or 250 centimetres. Dividing this cube by tho above velocity, expressed in centimetres, we have 
250 

for the section sought = 0*345 square centimetre to the horse-power. Thus for an engino of 



20 horse-power, the minimum theoretical section of the injection-pipe, for the given height, will be 
0*345 x 20 = 6*9, say 7 square centimetres. Hut to retain the necessary latitude, and to com- 
pensate the loss occasioned by friction and by the contraction of tho terminal ajutage, the section 
of this pipe, supposed straight and of the same size throughout, should lie. at least, doubled ; the 
preceding exnmplo would, therefore, give 14 square centimetres, corresponding to a diameter of 
42 or 43 millimetres. 

Having taken as a basis the greatest quantity of water to be injected to the unit of power, the 
extreme counter-pressure and the height of suction beyond which it becomes necessary to raise the 
water by means of an auxiliary pump, it seems that we may admit, as a rule applicable to every 



case, 

That the section of the injection-pipe should be practically fixed at 0*7 square centimetre, or 70 square 
millimetres to the actual horte-pourer, takin j as a basis the greatest useful power which the engine is capable 
of developing. 

These dimensions are adopted by many engineers of the present day. 

Dimensions of the Air-Pump . — The considerations concerning the injection-pipe of tho condenser, 

4 r 2 
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ami the Table on which those considerations were baaed, enable us to determine the dimensions of 
the air-pump ; and in our following remarks the references must be understood to be to that 
Table. 

The function of the nir-nump, as is well known, is to withdraw continually from the condenser 
not nnlv the water injected with that arising from the condensing of the steam, but also the air 
which is evolved from it. This latter element is the most difficult to determine; but as the power 
practically given to the pump exceeds by much the result found by approximation, we may content 
ourselves with a rough estimate. 

It is known that water, at the usual teinj>emture and pressure of the atmosphere, absorbs about 

of its volume of air or gnses in the condenser, in which we will suppose the pressure to l>o 
-j^j of the atmosphere, and the temperature from 35 to 38 degrees. The disengaged air expands 
tinder the double influence of the diminution of pressure and the iucreaseof its temperature, which 
would then be 23 degrees, rising from 12 to 35. 

Proceeding upon this hypothesis by means of the formula for the expansion of gases, we find 
that the volume of air to Ik* extracted by the pump is equal to about A of that of the water. But 
if we take into account the volume of steam mixed with the air and of an equal volume, we must 
consider the total volume of gases to be extracted ns appmximatively equal to f g of that of the water 
injected. 

Denoting by T' the weight of the water injected, and by P that of the corresponding quantity 
of steam to bo condensed, the total quantity of water which the pump will have to extract, at each 

P* 28 

single stroke of the steam-piston, is P' 4- P, consequently I v + — = — P\ As with water, the 

density of which is taken as unity, we may take the weight for the volume, that is substitute here 
V for P', wo may say, taking into account that of the air above, that tho total volume to be 



extracted by the pump at a single stroke of the driving piston is equal to V = 2 - G4 V. 

Thus, admitting this theoretical number, when wo have to inject into the condenser in a given 
time 300 kilogrammes or litres of water, the air-pump should engender, as a minimum, in the same 
time a volume of 702 litres. 

If now we wish to determine the proj»ortion between this volume and that engendered by the 
driving piston, we see at once that it is essentially variable*, since we have taken as a basis tho 
uctnal volume of steam expended, which changes relatively to that of the cylinder, according to 
the degree of expansion employed. To determine the principal limits of this proportion, we will 
take those which in the Table indicate the weights or volumes of the condensing water for 1 
atmosphere with full pressure, or no expansion, and for 7 atmospheres with admission -fo. 

For the former of these two conditions giving 895 litres of condensing water, the preceding 
rule gives, ns the volume of the air-pump, 2*84 x 895 = 2368 litres nearly. 

But for theso conditions, Armengaud has shown that tho driving piston should engender 



58066 litres; the ratio of these two volumes is, therefore, = 0 04. 

58066 



That is, tho theoretical 



volume of the air-pump would he only ^ of that of the cylinder. 

Passing on to the second case, admission pressure 7 atmospheres, which corresponds to 
223 litres of injected water, and to 23626 for the volume of the cylinder, that of the pump would 



be 2 *64 x 223 = 589 litres; and its ratio to that of the cylinder 



589 _ 
23626 “ 



0 025. 



In this latter case, the volume engendered by tho air-pump will he only ^ of that of the 
cylinder; and if we had chosen an example with a small pressure and a great cxjuansion, the 
result would have been smaller still. 

It follows from the preceding that the air-pump, like the condenser, should be proportionate, 
not relatively to the absolute volumo engendered by the whole stroke of the steam-piston, but by 
taking as a basis the volume of steam expended at full pressure. It now remains to sec what 
correction should lie made in the preceding theoretical projtortion. 

Hitherto we have admitted a vacuum in which the pressure was at least ^ of the atmosphere; 
but if l»e reached, a result which some have endeavoured to bring about, tho gases to be 

32 

abstracted will acquire a double volume, say ^ V, which, added to that of the water, gives for 



( 28 32\ 

— 4-jq)V = 4V nearly. 

If, as Watt did, we double this product, to provide for the imperfect working of the pump, and 
for the (tossiblo increased power required of the engine and obtained by a lengthened admission 
or an augmented initial pressure, wo shall have the following simple rule ; — 

The useful awl effective volume engendered by the air-pump should be eymil to 8 times that of the cold 
voter injected. 

This rule mny be taken as a safe guide, but it must not be regarded as resolving the problem 
in an alxsolute manner, for an engine is never constructed to develop always the same power, with 
the same degree of exjiansion and the same initial tension ; and the volume of the pump, which is 
invariable, should be determined by the mean power which the engine is ca|Miblc of producing. 

To compare tho results of this rule with the usual data, we will consider two examples. 

Pint Example . — To find the volume of the air-pump for an engine working without expansion 
with steam at 2 atmospheres, the ratio of the useful to the theoretical effect being 

In this case, Armengaud gives 27*541 cubic metres as the volume engendered by the steam- 
piston to the horse-power an hour. 

The Table gives as the quantity of water to be injected 812 kilogrammes. 
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Tho effective volume, to the horoe-power an hour, of the air-pump will, therefore, be according 
to the proposed rule, 112 X 8 s 649ti litres or cubic decimetres. 

11496 1 

Comparing this volume with that of the cylinder, we find - — - = — • • 

27551 3*1 

This pump will thus have very large dimensions comjmratively to tho cylinder ; for if it is of a 
single stroke, its volume a stroke will be about This excess is explained by the fact that the 
rule is established for a much more complete vacuum than was obtained in old condensing engines 
without expansion. 

Second Exam/de. — Solve the same problem for an engine working with -fc expansion and 4 
atmospheres. 

The specific volume of the cylinder is, according to the same authority, 4*2*789 cubic metros. 

The quantity of water to be injected is *240 kilogrammes or litres ; the volume engendered by 
the pum(>-pistou equals 240 x 8 = 1920 cubic decimetres. 

Ratio of the two volumes , * -- = — — ■ • 

4*2789 22*3 



This time the pomp would l>e much less powerful than that usually made. But an engine, 
the nominal power of wnich is regulated by the exceptional admission of yL, ought to give in a case 
of need the double of this power, by increasing the length of admission to j of the stroke of the 
piston. 

Consequently, this ratio would by this only Iks reduced to one-half, since the quantity of steam 
expended, and as a consequence that of the water injected, is doubled. But for J admission and 
4 atmospheres, the quantity of water to be injected is, according to the Table, *294 litres, whence 
the volume to be practically adopted for the pump becomes 294 X 8 X 2 = 47U4 cubic decimetre*. 

And its ratio to that of the cylinder assumes this last value, - r = - nearly. 

4*2 1 89 9 



We have nothing to odd to these examples, which show clearly how the rule w*e hnvc laid 
down is to be used — a rulu that is at once conformable to the proper working of the pump and the 
exigencies of practice. 

dimensions of Steam- Ports. — Induct ion and Induction Pipes. — Section of the Orifices of Induction and 
Eduction . — The dimensions of the pipes and orifices traversed by the steam in passing from the 
boiler to the cylinder, and of those through which it escapes into the atmosphere or into a con- 
denser, is a matter which has not alwnya been sufficiently considered, and which, even at the 
present day, when tho construction of steam-engines is pretty well understood, is somewhat 
neglected by builders. 

This question, considered on purely theoretical grounds, would bo an extremely complicated 
one ; but we are now in possession of practical results which enable us to solve it in a very simple 
way and with n high degree of certainty. We shall, therefore, confine ourselves to a general 
examination of tho facts which accompany the circulation of the steam when on its way to tho 
cylinder, or when escaping from it, and to a simple exposition of the principles by the aid of 
which we are enabled to determine the proper dimensions of the |>ossages through which it flows. 

Communication between the boiler and the cylinder is provided by means of a pipe, circular in 
form, leading from a cock on tho boiler to the 8t<*n!u-cheat, through which the steam is allowed to 
flow in regular quantities by means of certain valves. 

If we 8up|Kme, for a moment, that these several regulators offer a passage to tho steam, and have 
all an aperture equal in sectiou to that of the pipe, the steam will flow into tho cylinder with a 
velocity easily calculated. If there be no sharp angles, this velocity will be constant throughout 
the distance, and if the pressure in tho Itoiler be considerably greater than that in the cylinder, 
it may reach several hundred mitres a second. 

To enable us, however, to form an idea more in accordance with fact, we must remark that at 
the moment when the steam begin* to flow into the cylinder, the piston, which is at the beginning 
of its course, is set in motion with a velocity immeasurably less than tin* initial velocity of the 
steam. Consequently, tho space left vacant al*ove it is soon saturated, and an equality of pressure 
with the boiler being theoretically established, the flow of the steam can take place only with the 
advance of tho piston, with a velocity, in the steam-pipe, in inverse ratio with its section and that 
of the cylinder. 

•Suppose, for example, that the piston moves with a mean velocity of 1 metre a second, and 
that its superficies is twenty times that of the steam-pipe, the steam will flow through the latter 
with a velocity of only 20 metres a second, instead of from 300 to 500 metres and more ; it will 
acquire from 1*5 to 5 atmospheres, by flowing in a medium the pressure of which was constantly 
l atmosphere. In a non-condensing engine, we may consider as such the medium in which the* 
steam flows, for the piston is nothing but a diaphragm interposed between it uud the surrounding 
atmosphere. 

It follows from this that, if the circuit of the steam were of very small extent, and without 
sharp angles or other impediments, a pipe having a very small section would bo sufficient, since 
the steam is required to move through it with a velocity very much less than it is capable of 
acquiring in these conditions. 

Let us suppose, for example, the lowest pressure of 1*5 atmosphere, no condensation, and, for 
the piston, the high velocity of 3 metres a second. The velocity of the flow of the steam into the 
atmosphere, under this pressure of 1*5 atmosphere, is equal to 343 metre*. Consequently, the 
section of a steam-pipe, perfectly uninterrupted and very short, might be reduced, as a minimum, 



to the following fraction. 



343 114 



of the surface of the piston, below which value the h juice 



would no longer be saturated. The conditions asstuned here as an cxomjdc certainly correspond to 
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those which bIIow the steam the least practical velocity, for this pressure is never employed, 
especially in non-condensing engines, and still less in engines whose pistons attain the velocity of 
3 metres a second, a speed that is hardly to be met with in locomotives. Consequently, the pro- 
portion — — may be retained for the pur|ioee of comparing it with that taught by practice. 

Instead of short pipes and perfectly regular sections, wo have, on the contrary, pipes sometimes 
very long, furnished with cocks cajtable of narrowing their section ; the slide-valve, instead of 
uncovering the steam-ports at once, uncover them progressively, and in certain cases incompletely ; 
the pipes are often cooked and the whole of the passages are liable to be cooled by exposure, 
and so on. 

It is easy to see in what proportions these causes of irregularity influence the velocity of the 
steam, and that it would be impossible to limit the passage to the proportions supposed above. 

Ou account of these numerous effects, more easily described than calculated, constructors have 
increased the section of the steam-pipe and of the steam-ports ; these latter, however, depend in 
some degree upon the system employed. But the section of these various passages is limited, for 
the larger the pipes, the more considerable are the lost spaces, and the volumes of circulating 
steam exposed in proportion to their magnitude to the cooling influence of the atmosphere. 

These observations do not apply to the eductiou-pipes which may have throughout their length 
ns large a section as possible, if a portion does not serve alternately for the ingress and egress of 
the steam. This is one of the reasons which have led builders to adopt special cd uct ion-pi {ics. 

It is of special im]>ortance to give a sufllcient diameter to the eduction-pipe of a non-condensing 
engine, especially when this pipe ascends to a great height ; for the velocity of a gas will be 
gTeatly retarded when the ratio between the diameter and the length is very considerable, and 
this occasions a resisting pressure at the beginning of the passage. It is certain that a fault of 
this kind may completely derange the performance of an engine, in other resfccts in jcrfect order. 
To avoid this error, especially* in the case of small engines, it will Us necessary to calculate 
specially the ratio to be established between the diameter and the length of the outer eduction- 
pipe, so os to reduce this counter-pressure to a degree that is not hurtful. 

To reduce to figures the foregoing fact* upon which we have been reasoning, we have drawn np 
the following Table, indicating the proportions adopted in several kinds of engines, hy builders, for 
the induction and eduction pipes and orifices. These engiues are characterized iu the present 
Tablo by their nominal horse- power, the initial pressure of the steam, the degree of expansion, and 
the diameter and surface of the piston. Several have two cylinders ; but the dimensions given 
refer invariably to ono only. 

Examination of Me succeeding Table . — Tho first thing that strikes the attention on examining 
this Table is the want of agreement among the results found, even if we separate each kind of 
engine, which shows that all builders are not agreed as to the proportions to r»e adopted between 
the surface of the piston and that of tho steam {torts and pipes : or that a certain degree of varia- 
tion is jiossihle without injuriously affecting the working of engines; for all those given in the 
Table are of recent construction, and work satisfactorily. 

Another remarkable fact is that M. Fa rgot’s engines have the smallest passages, and these 
engines are known to be very carefully constructed, and to reach tho highest degree of utilization 
of fuel. But it must be remem bend that they are regulated for a very considerable degree of 
expansion. 

If, however, wo examine this series of fixed engines, the mean speed of tho pistons of which is 
about 1 metre a second, which engines are all expansive and of a pressure varying from 2*5 to 5 
atmospheres, we shall see generally ; — 

1. The section of the steam-nine varies between Jv and of tho superficies of tho piston, 
without the variation being justified by the special conditions of the engine. 

2. The section of the steam-ports, which might be greater than that of the steam-pi]>e, through 
which the flow is continuous, exceeds it only hy a very little. 

3. The exhaust-pipe, between the exhaust-port, tho cylinder and the condenser, or the atmo- 
sphere, is of a larger section, varying from ^ to ^ of the superficies of the piston, the largest 
section corresponding to the escape into the atmosphere. 

4. The section of the exhaust-port is equal to that of the pipe; nothing hinders it, however, 
from possessing very largo proportions, except the increase in the surface of tho slide-valvo. 

Tossing on to the locomotives, the pistons of which move at a speed nearly three times that of 
fixed engiuo pistons, wo notice a considerable increase of the sections of the steam passages, and 
particularly those of the ports; the exhaust-pipe, which is also very large at the beginning, is, on 
account of its {(articular functions, diminished in a variable manner at the opposite end, which 
prevents us from giving it a value proportional to that of the piston. And iu locomotives, the 
steam-ports would be y 5 and tho exhaust-port | of the superficies of tho piston. 

Iu marine engines we remark the same proportions as in fixed engines, though the conditions 
of pressure, oxjjansion, and sjeed of the piston are slightly different. There is, however, an 
enlargement of the steam passages, and {mrtirularly of the exhaust porta and pipes, the section of 
which reaches ^ anil sometimes of that of the piston. 

Tho Table contuins one example of a road engine of small power, but great sjieed, the various 
parts of which engines are usually of small dimensions. The sections of the pipes and ports are 
the same as in the fixed engines, and the speed of the piston is not greater. It might have been 
supposed, however, on account of the frcuuent pulsations of the mechanism, that this was precisely 
the case in which a large section should lie given to these* passages; but the lots of steam would 
have been greater, and the builder deemed it ex{»edient not to increase the dimensions. 

The preceding facts demonstrate that much is gained by providing separate channels for tho 
ingress and the egress, ami by suppressing those situated between the slido-valve and the interior 
of the cylinder; this will allow us to give a larger scctiou to the various orifices. It is useless to 
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increase the size of the exhuust-port ; the steam, to reach it, must traverse the same channel of 
reduced section by which it entered. 

Lineal Dimension* vf the Porte . — The steam-ports being rectangular, the proportions of their sides 
may have different value*, among which we have to seek the most advantageous. 

From the point of view of the quickest opening, that is, of the largest |ms*nge offered at tho 
beginning of the stroke of the slide-valve, supposing the same method of working the valve, the 
ratio between the height ami the breadth of tho orifice will bo of no consequence, for each fraction 
of the surface uncovered being, like the whole surface, proportional to the stroke of the valve, it 
follows that, whatever this ratio of the two dimensions may la*, a given fraction of the stroke always 
corresponds to the same fraction of the surface uncovered. But if we consider all the functions of 
the slide-valve, we shall see at once that, on tho contrary, there are weighty reasons for making 
the orifices broader than hi<jh , that is, in the form of a narrow rectangle, hacintj its short sides in the 
direction of the stroke of the valve. Indeed, the total surface of the valve is, in every case, propor- 
tional to that of the orifices, or, to be more exact, will have the same external surface, w hatever 
the ratio of their sides may lie ; consequently it will la* subject to the same pressure. Now tho 
work which its friction alwnrlw l*>ing the product of this pressure by the sjiace pnssed over, to 
reduce this resistance to its minimum we must evidently diminish this space as much as possible; 
that is, lengthen the orifices, anil place the short sides in the direction of the stroke of the m be. If 
the valve bo worked by mentis of a circular eccentric, we have another reason for reducing tho 
stroke as much as possible ; for the general dimensions of the circular eccentric increase in very 
great proportions w ith the stroke which it has to produce. 

This beiug the general rule, tin* ratio to la* adopted is not absolute. Thus, it is necessary, in 
the case of a short cylinder, to lengthen considerably the orifices in order to reduce tin* length of 
the steam-chest ; with a cylinder of ordinary pro|»ortions the same reason does not exist, but the 
question of the eccentric remains. For examples, we call attention to Fargot’s engine of #50 horse- 
power, which has a long stroke, and to Muzeliue's engine of 1000 home-power, which, on tho 
contrary, has a relatively short stroke. 

In the engine of 60 horse-power, the induction-ports are 5 centimetres by 17, which corresponds 
to tho ratio — , In the marine engine of 1000 horse-power, the whole breadth of these orifices is 

1*25 millimetres, 80 millimetres of which are uncovered by the valve for the introduction, and the 
whole breadth for the egress ; the length is equal to l ro ‘500, in two parts of 0’750 each. Taking as 



a basis tire quantity uncovered, the ratio of the sides of these orifices would be 8 to 150 = — - . 

18’ in 

These two examples arc intended to give an idea of what may bo found in practice, but they 
will lead to no rule. Each |>articular case will require different proportions which cannot possibly 
Ik* foreseen. Ill engines of two cylinders it is desirable to give the same length of stroke to each 
of the two slide-valves, in order that they may be worked by the same eccentric, or the same con- 
trivance, and to this end the orifices of the two cylinders being of different sections and requiring 
to possess an equal height, those of the smaller cylinder are made nearly square. 

It seems to us unnecessary to dwell longer on a subject which rents u{x»n such unfixed liases, 
esjxcmlly as we believe the preceding Table, which shows the proportions adopted by experienced 
builders, to Ik* a sufficient guide in practice. 

Figs. 2297, 2298, are of the condensers of the Mooltan and other vessels: these condensers were 
constmrhd under the superintendence of Kdward 1 1 umphrys, after the designs of that ingenious 
and well-known inventor Samuel Hall, of Basford. The Peninsular and Oriental Company's ships 
Mysore and Rangoon, of 400 nominal horse-power, were furnished with condensers by liumphrys 
like those exhibited in Figs. 2297, 2298. The boilers of each of the last-named ships contained 
4800 square feet of heating surface, and the condensers of the Mysore and Rangoon contained 
4712 square feet of condensing surface, and those of the Monltuu 4200 square feet. The indicated 
power of tho Mooltan when tried officially was 1754 hone-power; hence the area of condensing 
surface for each indicated horse-power was rather less than 2$ square feet 

For convenience of manufacture and arrangement of these engines, the condenser of each is 
divided into two parts A A, Fig. 2297, each part being exhausted by its own air-pump B, Fig. 2298, 
so that each pair of engines is provided with four air-pumps and four condensers. Tho air-puinp B 
is 18 inches diameter with a stroke of 3 feet. These dimensions being used by liumphrys with 
injection condensers in engines of the same nominal power, he believes they are larger than neces- 
sary for surface; condensers of engines in good condition, with condensing water at the average 
temperature of the sea in this climate; hut as these engines had to lie cm ploy ed in the Indian 
seas, it was considered expedient to provide large air-pumps and large pumps for circulating tho 
condensing water, so as to allow of almost any quantity of condensing water being driven through 
the condensers that may be found necessary in an Indian climate. The air-pumps B discharge 
their water direct into the boilers through the pipe C, according to Hall’s plan, so that no fr*d- 
pumjis are necessary. The air wliieh leaks into the engines is allowed to escape by an open stand- 
pipe connected to the highest point of the feed-pipe, and carried up inside the mast, which is of 
iron, to a greater height than is due to the pressure of steam in the boilers. A valve regulated by 
a float was originally fitted to the Mooltnii for allowing the escajte of the air; but it was found to 
require some little attention, and hence the staud-pipc was substituted which answered perfectly 
without much attention. 

Kach condenser A A, Figs. 2297, 2298, contains 1178 seamless drawn pure copper tubes, | in. 
outside diameter and No. 18 wire-gauge or *050 in. thick, 5 ft. 10 in. long, weighing 28 ox. each 
tube, and fixed at 1 in. pitch centre to centre, as shown in Figs. 2299, 2300. The tube-plates of 
the Mooltan are of cast gun-medal if in. thick ; but those of the Mysore and Rangoon are of rolled 
copper, finished 2 in. thick. These are first set as flat as possible, and the tube-holes marked out 
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The screwed glands F F, Fig. 2299, for securing the packing at the ends of the tubes, are made 
from Muntz’ metal solid-roiled tubes, which are obtained in lengths of about 5 ft., rolled to gauge 
both inside and outside ; the inside diameter is exactly that of the outside of the copper tubes, 
namely f in., and the outside diameter is such that when screwed it will exactly fit the tapped holes 
in the tube-plates. It is screwed on the outside as it comes from the maker in a common screwing 
machine, as shown in Figs. 2305, 2306, and is then cut by a circular saw into $-in. lengths to 
form the glands. The saw marks are taken off the ends by a 

facing cutler revolving in a lathe, shown in Figs. 2307, 2308, and 2306. 2307 . 

the aamo operation clears out the inside of the hole. The notch for 
the screw -driver is cut by passing a number of the glands, when 
screwed into a plate, under a revolving circular saw of the required 
thickness. Tho packing is composed of linen tape ; a piece of this 
tape, 12 in. long and ^ in. wide, is wound round a mandrel, the 
ends and edges being slightly stitched, in which state it is readily 
ut into the tapped holes of the tube-plate, and when screwed down 
y the gland forms a very perfect and lasting joint. The thick- 
ness of the tape is such that 1000 of these packings weigh about 
2 lbs. 

The exhaust steam from the engines passes down through the 
interior of the condenser tubes, and the sea-water for keeping the 
tubes cold is driven up through tho spaces between the tubes. The 
sea-water is admitted through an inlet-pipe fitted with a slide-valve 
at the bottom of the ship, and enters the oondensers at tho bottom 
by the pipe G, Fig. 2297 ; it then circulates round the outsides of 
the tubes, and makes its exit through the regulating valves H H at 
the top of the condensers, at about the load water-line of the vessel. 

The valves H H answer tho purpose of regulating the flow of sea- 
water equally through the two divisions A A of the condenser, and 
also of shutting out the water from above when tho outsides of the 
condenser tubes have to be examined. The flow of water is pro- 
duced by one of Appold’s centrifugal pumps, tho diameter of the 
revolving disc being 36 in. ; it is driven by a pair of wood and iron 
spur wheels, the proportions of which are about 1 to 3}, so that at 
the ordinary speed of the engines of the Moot tan, namely, 56 revo- 
lutions, the pump made 194 revolutions a minute. Two of these 
pumps were provided, the second being driven by an auxiliary engine to be used in case of the 
failure of the other. 

The condensers of the Mooltan, in 1862, had run 42,000 miles ; and at tho end of 30,000 miles 
the engineer examined the inside and outside of the condenser tubes, and found the outsides per- 
fectly clean ; bat inside there appeared a slight coating of grease resulting from the lubricating 
material employed in tho interior of tho engines. This was, howover, so slight as not to affect tho 
action of the condensers ; the vessel ran the lost 300 miles of the 30,000 at an average speed of 
60 revolutions a minute with 24 lbs. steam in the boilers, and the vacuum in the condensere sup- 
porting a column of mercury 27$ in. high. A very careful examination of tho inside of the boilers 
showed that tho action of the surface condensers, returning always pure water into them, is likely 
to ensuro their continued efficiency, ns there wag no appearance of deterioration whatever. The 
lubricating material employed in the engines collects in tne boilers, adhering to the sides and stays 
about the water-line, and is to be found in large lumps in the bottom water-spnco below the 
furnaces ; this requires to be taken out occasionally, otherwise, in the opinion of the engineer in 
charge, it causes the boilers to prime. 

Before determining on adopting exactly Hall’s mode of manufacture for the condensers, although 
his experience of it had been very favourable, Humphrys examined the other plans for surface 
condensation, in most of which the joints between the tubes and tube-plates are made with vulcan- 
ized india-rubber; but having understood thAt a chemical action took place between the copper of 
the tubes and the sulphur employed in preparing the india-rubber, ana not being able to discover 
in the new plans any advantage over Hall’s condenser, be adhered to this construction in the con- 
densers of the Mooltan. As regards the action of the vulcanized india-rubber on the copper tubes, 
the writer placed a piece of copper tube inside a piece of vulcanized india-rubber tube, and care- 
fully washed and weighed the copper tube every month, and found a gradual decrease in its 
weight. 

In designing the engines of the Mooltan no provision was made for cleaning either the insides 
or the outsides of the tubes of the oondensers, except that the connection between the condensers 
and cylinders was so Arranged as to admit of the ready removal of the entire condenser case with 
its tubes. Each condenser case is a rectangular vessel about 2 ft. 10 in. by 3 ft. 6 in., and 
5 ft. 10 in. high, as shown in Figs. 2297, 2298; and by removing the bolts in the joints I and K at 
top and bottom, the entire condenser with its tubes can be drawn out clear of the cylinder, and tho 
inside of the tubes can then be cleaned, the tube-plates being in this case of gun-metal cast with 
the edge thickened 1 in. all round on the outer face, so as to clear the projecting glands of tho tube 
ends. The two condensers of one engine might be removed, tho tubes cleaned, and the condensers 
reflxed in forty hours ; but up to 1862 there was nothing in the state of tho condensers to indicate the 
necessity of cleaning cither the insides or outside* of the tubes ; indeed the outsides were cleaner 
and brighter than when the tubes were first fixed in their place. When it becomes necessary to clean 
the insides, it is recommended to apply a solution of caustic soda by filling tho condenser with it 
up to the top of the upper joint I : this was also the practice followed by Hall with success in hia 
condensers in 1837. indeed Hall’s condensers were employed in the Penelope for more than six 
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years, and the engineer in charge during that period stated that, with tho exception of occasionally 
cleaning out the insides of the tubes by the application of a solution of soda and water, the con- 
densers never gave an hour’s trouble. 

The illustrations. Figs. 2309 to 2311, are of David Marshall’s plan for packing surface con- 
densers. The tube parking of Marshall is simple, effective, and reliable; it requires neither 
screws nor glands to effect too required tightness. 



2309, 5310. 




2 , 111 . 

A D 




J 



Re ferine**: — A, Exhaust steam inlet from engine cylinders. B, Outlet to air-pump of engine. 
(1, Inlet tor circulating water. D, Outlet for circulating water. E, F, Portable covers or doors. 
O, The tube packing. The circulating water in centre of packing presses outer ring to tube-plate 
and inner to tube, thereby making a perfect tight joint, and still allowing tube to expand. H, bront 
view with door otf, showing tubes and packings. I, Longitudinal section, showing tubes, packings, 
and doors. J, Front view with door on, showing inlet and outlet C, D. 



* Tho efficiency of this packing has been carefully tested on board many ships. Andrew Drown, 
one of Simon and Co.’s engineers, states that when one of their ships, the Africa, was running 
with 60 lbs. pressure, the vacuum was steady at 27$ in. of mercury, and that all tho joints made 
by this pocking were perfectly tight. 

Fig. 2312 is an elevation, and Fig. 2313 is a section, of a simple form of feed-water heater, 
iuveuted by H. N. Waters, ami intended to be used with non-coudensiug engines. Referring to 
the section. Fig. 2313, it will bo seen that the heater consists of a reservoir or rasing A. into which 
the cold water flows from a cistern through the pipe B and jwrfornted pipe or sprinkler C, this 
latter distributing it in the form of a number of flue jets. The flow of WHter is regulated by the 
cock H, so that it is maintained at a proper level in the casing, as shown by the glass gauge G. 



2312. 2313. 




The exhaust ‘■team from the engine enters through the pipe D, and impinges against tho 
deflector E. which deflects it dowuwards again against the sprinkler C. That portion of the 
steam which is not condensed passes round tue edges of the deflector E to tho exit-pipe F at the 
top of the apparatus. The feed -pipe I, leading to the pump, is turned down inside the reservoir, 
and terminates about 4 in. abovo the bottom of the casing, so that the pumps can draw without 
disturbing the sediment. At the bend of the pipe X there is attached an air-pipe J, which extends 
upwards above the highest water-level M in the reservoir. This pipe is for ilie purpose of admit- 
ting air or steam to the pump* through tho pipe I when the water-level falls below the line N, so 
that the pumps cannot oraw off the water below that level. When the pump is situated below the 
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pipe I, the water will flow out to the level N of the bottom of the inside of the pipe: but when the 
pump id above I, the lowest water-level producible will be on a line with the top of the inside of 
the pipe I. At L is a hand-hole for giving acres# to the interior of the heater for cleaning or 
other purposes ; while K is a plug for drawing off the wnter from the rasing when desired, and P 
is an overflow-pi fie, or plug, to prevent the water from rising sufficiently high to enter the pipe 1). 

In addition to acting as a water-heater merely, the arrangement we have described serves to 
collect the major portion of the solid matters contained in the feed-water, and thus greatly dimi- 
nishes, and in many instances entirely prevents, the formation of scale in the Isfllers. By the 
employment of the sprinkler the water is brought into such intimate contact with the exhaust 
steam that it is raised quite to the boiling-point, and the arrangement of the reservoir and feed- 
pipe allows the solid matters which become separated at that temperature to be deposited before 
the water is pumped into the boiler. 

Fig. 2314 is a section, and Fig. 2315 a plan, of heater with cover removed, showing the form of 
a rose. This arrangement was invented by Thomas Aimers. The heater consists of a cylinder A, 
into which the cold water is introduced by pipe 11, having a regulating cock C to maintain water 
at a proper level in the cylinder. 0(1 the unuer-side of the cover of the cylinder there is a rose D, 
into which the water flows from the pipe 11; this rose is bored full of small holes, as shown in Fig. 
2315, but the part immediately over the exhaust-pipe E has no holes in it, ao that the water falls 
around the pipe in a continuous shower, ami thus any water is prevented from entering the 
exhaust-pipe and becoming a drag upon the engine. The exhaust steam from the engine enters 
through the pipe E and impinges against the curved part of the rose; this throws it out upon tho 
shower of water, through which it must necessarily jittss before it makes its escape through the 
exit-pipe F, and the holes in the rose being more numerous over the entrance to that pipe, the full 
benefit is got from the strain. The feed-pipe (» lending to the pump is placed at a considerable 
distance form bottom of cylinder, so that the pump can draw without disturbing the sediment. 
II is an overflow-pipe to prevent the water rising sufficiently high to enter pipe E. 

This arrangement always gives an abundant supply of water almost at the boiling-point, by 
turning the cock C full on, and allow iug the extra water to run through the overflow into a cistern. 
For a factory where hot water is much used this is a great advantage. The condensation of llio 
steam is complete, and effectually takes off all back pressure from tho engine. 
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The Siphon /cwi-ioifer Regulator and Purifier, Fig. 2310. — The objects intended to be accomplished 
by this contrivance are fourfold ; the regulation of the water fed to a steam-boiler ; tho absolute pre- 
vention of low water ; the prevention of explosions, or injury to boil era bo frequently caused by un- 
equal expansion and contraction from the variable temperature at which wnter is usually fed to tho 
boiler ; and tlie purification of the feed-water before reaching the boiler, and the deposition and 
easy removal of the deposit. The apparatus is very simple in construction and entirely automatic 
in operation. It is, in reality, a siphon, the short leg or which is alternately a conduit for water 
and steam. Fig. 2316 is a section showing its intemnl construction. The reservoir or dome A is 
of cast iron, in the form shown, bolted to the top of the boiler at the point deemed most convenient. 
At its top it receives a pipe 11 connected with tho feed-water pump and is the water supply pipe. 
The passage from the interior end of this pipe to the dome A is governed by an ordinary upward- 
lifting valve, or check-valve. Just below tbe inlet-pipe 11 is the pipe C, connecting with the steam- 
space of the boiler, having its lower end at the desind level of the water and forming tho short leg 
of the siphon. Ntor the bottom of the dome is another pipe I), forming a communication with the 
dome and the water-space of the boiler, its lower end reaching nearly to the boiler bottom. This 
is the long leg of the siphon. Both these pipes are open at the bottom, and each is provided w ith 
cocks to be used, if necessary, to close communication between the interior of the dome and the 
boiler when the dome is to be cleared of the sediment deposited liy the water. Inside the dome is 
a hollow lever float E piloted to the rod F and balanced by tho adjustable weight <J. 

When the water falls below its proper level, exjxwing the open lower end of the pipe C, steam, 
of course, (losses up into the dome A, and the water contained in it and supporting the float K will 
descend, carrying with it the float and opening the valve to the inlet of water through the pipe B. 
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80 Ion# a b this valve is open, water will consequently bo forced in by the pump through the pipe D 
to nc«r the bottom of the boiler. Soon na the wnter rises sufficiently t« cover the end of the pine C, 
no more stetuu will enter the dome, equilibrium will be restored, and the valve closed. If tho 
pump is kept continually at work r side pipe may be UBed to carry off the overplus of water. Thus 
the height of water in the boiler will lie automatically preserved at an absolutely uniform level. 

The apparatus heats the feed-water in the chamber A to the same temperature as the water in 
the lioiler, thus preventing tho unequal ex(mnsion and contraction of the iron. In addition to this 
office of the apparatus, it is intended also to sei»retc and precipitate the units and earthy matters 
hold in solution, as the water admitted to the dome becomes vaporised by the steam admitted 
through tho pipe C, and consequently jwrts with its impurities, which, being specifically heavier, 
sink to the bottom of tho dome, from which they can I** readily removed on taking off the top of 
the dome. Applied to marine or other boilers subject to foaming, tho apparatus will work as a 
regulator to the feed, as well as where there is no such annoyance. 

Packing for Pistons . — This packing, introduced by G. M. Miller, consists of two rings, pressed 
outwards against the cylinder By the pressure of tho steam as it acts on the alternate fact's of the 
piston, without the use of any springs. The construction of tho piston is shown in Figs. 2317 to 
2319, as used by Miller in tho locomotivo engines on the Great Southern and Western Railway of 




1319. 



3318. 




Ireland. The piston is of cast iron, 2 in. in thickness and 15 in. diameter. Two square grooves 
A A are turned in the edge of the piston, 3 in. in width and 3 in. apart, and a corresponding steel 
ring is fitted into each groove, tho rings being divided at one part with a plain butt-joint, and 
sprung over the piston into their places. Two small holes B It, * in. diameter, open from each face 
of the piston to the bottom of the nearest groove, whereby the steam m admitted behind the pack- 
ing ring and presses it out against the cylinder so long as tho steam is acting upon that face of tho 
piston. Tho alternate action of the two rings is continued as long as the steam is acting on the 
piston, one of them being always pressed steam-tight against the cylinder. 

In Figs. 2320 to 232*2, is shown one of the pistons with brass rings which are | in. width and 
in. thickness, the piston being 3} in. wide. 



2*»iV 







Another form of the piston has been used in cases where the piston is desired to be flush on 
both faces or to fit a cylinder with flat covers ; in tills a circular flat head forged upon the piston- 
rod is fitted between the turned faces of the two halves of a cast-iron piston, which are held 
together by turned pins riveted over, forming a hollow piston flush on both faces, fast upon the 
piston-rod, and without any loose part besides the two packing rings. 

The ends of the ringB where divided are made with a butt-joint, as in Fig. 2319; or with a 
lapjied joint, as shown in Figs. 2323. 2324. The piston body is turned to pass through the cylinder 
easily ; and the joints of the rings have been found to be practically steam-tight. In some cases 



Digitized by Google 






1182 



DETAILS OF ENGINES. 



the joints have been tongued, as shown in Fig. 2322, but in Miller's experience this has not been 
found requisite ; the butt-joint has invariably worked well, whilst it has the advantage of perfect 
simplicity of construction. In piston* where the packing ring travel* over the opening of the 
cylinder port a small stop is fixed in the bottom of the groove, entering a short slot in the (lacking 
ring, to prevent the ends of the ring coming opposite the cylinder port, but still leaving the ring 
free to travel round a little in the piston groove*; but it is preferred for the packing rings not to 
travel over the cylinder ports. 

5323. 51M. 




Another form of joint for the packing rings is shown in Figs. 2325 to 2327, intended to be used 
in a stationary engine with cylinder 1G in. diameter. A bra** stop-piece C, 1 in. thick and 4 in. 
long, is placed in a recess at the bock of the joint, serving as a cover to the joint at the top and 
bottom by projecting j, in. in thickness on each side of the ring. 

Those steam-packed pistons have been used more than seven years in the locomotives of the 
Great Southern and Western Railway, and have proved so satisfactory and advantageous that their 
use ha* been extended to all the locomotives working upon that line. The following are the results 
of the working in the engines running from Dublin, as regard* the durability of one set of rings, 
the period of their wear, and the mi huge of the engines whilst wearing them out. Nineteen 
engine* working with one set of steel rings averaged 33,020 mile* and 16| month*’ running, one 
engine having worked for three year* and run as much a* 98,073 miles with one act of packing 
rings. Five engines working with one set of bras* rings undor the same circumstances averaged 
30,980 miles and nineteen months’ running, the greatest work amongst them l>eing 2$ years and 
42,197 miles. Twenty other engines with steel rings which were in use in 1802 also averaged 
40,444 miles and twenty-oue months' work, one of these having worked for 8$ years and run 
94,399 miles with the original set of rings. 

The general result of the above is that one Bet of Btcel packing rings have lasted 37,000 miles 
and nineteen months’ work, and one act of bra** ring* 31,000 miles and nineteen months’ work, tlio 
difference in durability being about 1G per cent, in favour of the steel rings. In »ome of the indi- 
vidual cases of the pistons with steel ring*, a very considerable variation from the average result 
of 37,000 miles is found in the durability of the (lacking rings, some of them having lasted 2f times 
the average and some only aB much below the average. In the case of the brns* ring* the variation 
is not so great, amounting to 1} time* the average in the highest and about os much below the 
average in the lowest. This variation in wear has not been fully accounted for; it may have 
occurred from a different character of metal in the cylinders, from priming of the boiler, and from 
the presence of grit in the water; but the writer has reason to believe that the rings have been 
frequently put into work and set with a pressure upon the cylinder from their own elasticity, thus 
causing a source of wear. It is found the best plan to turn the rings to the exact diameter of the 
cylinder, and to put them in without any spring upon them, so that they are not subjected to any 
wear except when the steam is acting on them. The steel rings are now slightly tempered, to 
admit of their being sprung into the grooves without altering their form. In all these pistons the 
steel packing rings were \ in. thick originally and $ in. wide, and they were worn down to about 
jt in. thick in the thinnest part before being removed. The brass rings are worn down from in. 
until they are } in. thick. It must be remarked that when opportunities occur, as when engines 
are under repair, the rings are token out and re-set to the size of the cylinder. 

It is found in practice that two steam-ports of } in. diameter are quite sufficient for each of the 
steel (tanking rings, drilled in the position BB shown in Fig*. 2317 to 2330. The rings must be 
made to fit easily in their grooves, so as to move freely, with a eloorance of in. at the bottom of 
the grooves for the steam to pass round behind the rings. No difficulty has been experienced from 
the steam passage* becoming stopped up with a moderate use of tallow in the cylinder*. 

The nsc of this piston pocking in locomotive engine* has been productive of economy by reducing 
the friction and by prolonging the wear of both pistons and cylinders. It will be observed that 
only one ring i* in action at the same time, and that when the steam i* shut off, a* in descending 
inclines and approaching stations, the piston is free to move without any friction. The operation 
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of patting in those rings so as simply to fit the cylinder is extremely easy, whilst great care and 
skill aro required in giving springs the requisite degree of elasticity and in making them main- 
tain it. 

A number of stationary engine pistons are working with those packing rings, and they have 
proved very durable and thoroughly satisfactory, giving an advantage in reduction of friction, and 
in preserving the cylinder face in perfect condition. In one case of the engine of tho Oldbawn 
Paper Mill near Dublin, with vertical cylinder 18 in, diameter and 2$ ft. stroke, working with 
50 lbs. steam, the cylinder had previously boon worn considerably out of truth and much grooved, 
and one of these pistons was put in having two steel rings of f in. width and jl in, thickness, and 
was in constant work for four years without the packing rings requiring renewal. They have 
lately been taken out for examination, and were found to bo still { io. thick ; and the cylinder from 
its previous defective condition has been brought completely to truth throughout, with a highly 
polished surface. 

These packing rings have also been uaod for four years for Pump Buckets, and have proved 
very satisfactory. In one ease of a double-acting pump 8 in. diameter, shown in Fig. 2328, the 
two pocking rings A A are of brass, J in. wide and A in. thick, and are pressed out by the pres- 
sure of the water acting at the alternate faces of the bucket through two ports BB, J in. diameter, 
similar to those iu the steam-pistons. This pump hail two years’ constant work at quarries and 
bridge foundations upon the Great Southern and Western Railway, before the packing rings 
required renewal. 

In tho case of single-acting pumps the bucket has only a single packing ring w ith porta open- 
ing from the upper side, as shown in Fig. 2323, which represents a pump bucket 5 in. diameter 
that has been working constantly for 2J years at a station on the railway near Dublin. Tha 
packing ring A was originally } in. wide and I in. thick, and has worn less than ^ in. in the 
2} years. As tho diameter in this case is too small to allow of the ring being sprung over 
the body of the bucket into its place, it is put in by means of a junk-ring D screwed on at the 
under-sule of the bucket, as shown in Fig. 2329. 





TOO. 




An application of tho same construction of packing that has also been made to tho gland 
packing of a 9-in. pump-plunger is shown in Fig. 2330 ; in which two brass packing rings are 
used, if in. wide and | fu. thick, just like the piston packing rings, except that they act in the 
opposite direction, being pressed inwards upon tho plunger by the pressure of the water through 
tne ports B B. 

Naylor's SaMy- F<j/w. — This improvement in the construction of the safety-valves at present in 
use on locomotive, marine, and stationary engine boilers, for tho purpose of preventing the pressure 
of the steam whilst blowing off through the safety-valve from rising beyond the limit to which 
the valve is adjusted. This rise of pressure during blowring off is found to take place to a greater 
or loss extent in all steam-boilers with ordinary safety-valves, including locomotive, marine, and 
stationary toilers: but it occurs especially with locomotive boilers, where the safety-valves are 

f iressed down by levers with spring balances at their extremities, and the rising of the valve in 
•lowing off causes a lifting of the lever and a considerable extra extension of the spring balance 
and consequent increase of pressure upon the valve. 

From experiments made by W. Naylor with locomotive boilers, he believes that a clear avail- 
able opening of -X of a sq. in. will allow tho steam to escape as fast ns it can bo generated in 
a large loonmotivo boiler at a pressure of 120 lbs. to the sq. in., when the engine is not consuming 
steam by running, and with the help of a steam-jet in tho chimney. Taking the theoretical 
velocity of steam at that pressure issuing into tho atmosphere as 1900 ft, a second, the practical 
velocity of tho issuing steam, allowing for its friction in passing the safety-valve and tho resistance 
of the atmosphere into which it has to flow, may be assumed at 70 per cent, of this amount or 
1330 ft, per second. This velocity with the above-named opening of A of a sq. in. gives a dis- 
charge of 11,172 cub. in. of steam passing off per second. Taking the relative volume of steam to 
water at that pressure as 203 times, this is equivalent to an evaporation of about 12 gallons of water 
a minute (11 '91); or a consumption of about 8 cwt. (7 *99) of coal an hour, taking the evaporative 
duty at 8 lbs. of water the lb. of coal. 

The present large locomotive boilers are made some with two safety-valves of 3$ in. diameter, 
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Borne with two valves of 4 in. diameter, Home with two of 5 in. diameter, and some engines are 
working with four valves of 8 in. diameter; the valve* being loaded by Bpring balances through 
levera, or in Home case* by a spring acting direct, without the intervention of a lever. When the 
Bpring balance and lever are used, the proportions of the lever arc generally arranged so that 
1 lb. pressure of the balance is equal to 1 lb. the aq. in. on the valve ; and then the perpendicular 
lift of the valve in opening multiplied by the number of square inches in its area gives the distance 
that the outer end of the lever has to move to allow the required opening of the valve; and this 
lift of the lever end multiplied by the number of llw. to the inch in the graduations of the spring 
balance gives the number of lbs. the square inch of additional load put upon the valve by the act 
of lifting, and the corresponding increase of pressure necessitated in tno steam to admit of its escape 
through the opening of the valve, in addition hi that required for overcoming the friction of the 
steam in passing the valve and the resistance to it in flowing into the atmosphere. 

Taking the case of two valves of 5 in. diameter, giving a combined circumference of 31*4 in., 
and sav 80 11m. to the inch ns the graduation of the spring Iwlances, with a ratio of leverage (or 
area of valve) of 19*03 to 1, a total area of discharge of sq. in. would require a lift of the valves 
of -* \ or *0223 in. ; but as the bearing faces of the valve and seat are not horizontal but inclined 
at 45°, a vertical lift of the valve equivalent to 1 sq. in. (0*99) annular area is required for giving 
n discharging area of X sq. in. ; and the total lift will therefore be *032 in. This gives an exten- 
sion of the spring balance of *032 x 19*63 or *628 in., causing an extra load upon the valve of 
*628 x 30 or 18*8 lbs. a sq. in. in order to get the required opening for discharge of the steam. 
The result is therefore that, in order to give a sufficient area of opening for the discharge of all 
the steam that the boiler is capable of generating, the (treasure must rise in the boiler about 
19 lbs. to the sq. in. above the intended limit of the working pressure, or the point at which the 
safety-valves are adjusted to begin blowing off ; and this action of increasing the total pressure 
upon’ the valve as the valve rises is inseparable from all arrangements in which the valve is 
pressed down by a spring acting either through a constant lever or direct upon the valve. 

Naylor's safety-valve lias been designed to remove this defect, by causing the spring that 
presses upon the valve to act not through a constant lever, but through one which varies in its 
effective length, diminishing in length as the valve rises in the same proportion that the tension 
of the soring is increased by the rising of the valve, so as to prevent any increase taking place in 
the total pressure upon the valve. 

Naylor’s valve is shown in Figs. 2331 to 2334, Fig. 2331 being a vertical section, and Fig. 2332 
a sectional plan. 

The safety-valvo A is only 2 in. diameter inside the seating, and is pressed down by the 
inverted spiral spring B acting upon the opjswite end of the bent lever C, the effective length of 
lever being 2| in. at the valve and ljj in. at the soring. When the valve rises, the bearing (joint 
of the spring at the end of the lever, being inclined downwards at an angle of 35° from tho vertical 



2331. 2332. 




line D in Fig. 2333, is deflected nearer to this vertical line by the lifting of the valve end, ns 
shown by the dotted position in Fig. 2333; and the result is that the effective leverage at which 
the spring acts is reduced to the extent required to com (>en sate for tho increased tension of the 
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spring canned hy the motion of the lever, so that the total pressure) upon the valve remain* 
unaltered. The centre E on which the lover work* i* a knife-edge, so a* to prevent it* action 
from being interfered with by friction from the heavy pressure 
upon it, which i* nearly double the pressure of the aprin 
the connection of the spring to the lover at F is by a kni 
also. Figs. 2833, 2334, in onler to give complete freedom o 
to the whole. The spiral spring is made of |-in. round st< 
tho pressure upon the valve is adjusted by screwing up the 
by the nut G, tlie highest pressure being limited by a aolii 
ujton the spindle. Any accident from failure of the spring 
.Tided against by the lower end of the lever then coming in 
with the casing at II, Fig. 2333, which prevent* any risk 
valve becoming displaced. 

This valve being only 2 in. diameter with a circumfer 
0*28 in., the height to which it must Ik* lifted in onler to p 
same area of discharge a* before, T ’ 7 of a sq. in., is -L or * ] 
and the valve end of the lever being 2} in. long, this requ 
augnlar movement of the lever of 3* 33'. The angle betw 
spring end of the lever and the vertical i* consequently i 
from 35° to 31° 21'; and taking the horizontal distance 1 
1 • 75 in. as the sine of the former angle, the sine of the latte 
will be 159 in., making a shortening of -10 in 
at which the spring act*. The difference between the co 
these angle* to the same radius, or * lOfl in., will bo the extension 

of the spring produced by the same range of motion ; and tho area of the valve l>oing 3*14 sq. in. 
the total pressure of the spring to give a pressure upon the valve of 120 lbs. an inch will bo 
538 lb*, with the original leverage of 1-75 in., and with the reduced leverage of 1*59 in. the 
total pressure required at the spring is then 593 lbs. Hence an increase of 55 lbs. in tho total 
pressure of the spring ha* to bo produced by tlio extension of * 100 in. in length caused by the 
motion of the lever, in order to maintain a constant pressure upon the valve ; and this gives 519 lbs. 
for an inch deflection for the strength of spring required for the purpose. See Boileb, p. 420. 

In practice the spring is adjusted so as to give a slightly reduced total pressure upon tho valve 
when folly open, the pressure the square inch on tho valve being made about 4 per cent, loss when 
the valve is blowing off strongly than when the valve is shut ; in order to compensate for tho effect 
of tho friction of the large quantity of stt*am passing in thnt case through the narrow opening of 
the valve. It has beet) found by trial* with this valve that, when the steam is blowing off very 
strongly, the pressure within the boiler exceed* the loud upon the valve by about 5 per cent. ; and 
therefore by proportioning it as above with 4 per cent, leas pressure of the spring upon tho valve 
when open than when clewed, the occurrence of any sensible increase of pressure within tho boiler 
beyond tho limit at which tho valve i* set i* completely prevented. At the same time it is found 
thnt the valve closes again after blowing off strongly, without allowing any sensible fall in the 
boiler pressure below that limit. 

Thi* improved valve therefore effectually provides for the prevention of any increase of pressure 
occurring nnder any circumstances in tho boiler beyond the intended limit of pressure ; and the 
one valve, although only 2 in. diameter, gives the full area for discharge of the steam obtained 
with tho two large valve* ordinarily used. Tho one valve mav consequently 1*> considered a* 
fully equivalent in safety to the two ordinary valves, although it may bo preferred still to adopt 
the precaution of employing two valves. 

In the case of the two ordinary safety-valves of 4 in. diameter, having a combined circumference 
of 25* 1 in., and a ratio of leverage of 12*57 to 1, a total increase of prossuro of 15*0 lbs. the aq. in. 
will lie caused in giving the required full area of opening of A «]■ in. for discharge. And with 
two vnlvcs of 3 in. diameter, having a combined circumference of 18- 8 in., and a ratio of leverage 
of 7*07 to 1, the total increase of pressure will be 11*3 lbs. per sq. in. 

It appear* therefore that, with the ordinary construction of safety-valves, the larger size of 
valves, instead of giving increased freedom to the discharge of the steam, are actually inferior in 
this respect to the smaller valves, the two 5-in. vnlvcs allowing an increase of pressure of 18-8 lbs. 
to tho inch during the esenj** of the steam, whilst the two 3-in. valve* allow only 11 *3 lbs. an inch 
increase with the same discharge. Tin* arise* from the circumstance that the pressure required 
to hold down the valve increases a* it* area or ns the square of it* diameter, whilst it* area for 
discharge increases only as its circumference or directly ns its diameter. This result is also not 
altered in the cases where, instead of using a lever with a spring Imlance at the end, a large 
spiral spring is employed pressing direct upon the valve, or between two valves, the pressure of 
the spring and its motion being then the same as those of the valve, instead of the pressure of the 
spring being diminished and its motion increased both in the same ratio by the action of the lever. 

Thi* valve possesses an advantage over most form* of the ordinary valves, from the cirrnm- 
ntanee that it i* quite impossible for the valve to bo tampered with by the engine-driver, so ns to 
increase tho pressure beyond the intended limit. 

One cause of extra pressure in locomotivo tailors occurs when an engine is proceeding with a 
train, with the steam well up and a good lire, and it is suddenly cheeked by a danger signal being 
exhibited, and tho engine has to be reversed. In such a case, whilst the fire is generating steam 
vigorously, tho cylinders, instead of using it, are converted into air-puui|>s, pumping air into tho 
boiler at every stroke. The steam generated must all pa*s off by the safety-valves, and the pres- 
sure often rise* considerably above tho limit at which they are adjusted. 

When an engine is taking a heavy load up an incline slowly, the steam blowing off strongly, a* 
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much as 40 lbs. excess of pressure hos occurred, without the safety-valves being interfered with. 
Naylor instances a case or a largo goods engine coming to a stand on an incline from want of 
power, although the steam was blowing ofF very strongly : and the driver being afraid to go back 
from fear of a collision, hod to secure the valves against blowing otT, by pegging down the levers 
in the slots through which they passed in the weatherltoord. The regular working pressure was 
120 lbs., but the steam got up to 180 lbs. an inch by the pressure gauge, and the engine was then 
able to take the train to the top of the incline. 

Another source of risk of extra pressure is when an engine is having the steam got up in tho 
engine shed, and to hasten it the steam jet has been put on and left on while the fire-lighter is 
gone to look after other engines. From a number of experiments Naylor has ascertained that, if 
the jet bo left full on for six minutes after tho Btcara begins to blow off, there will be an excess of 
pressure in tho boiler of at least 30 lbs. a square inch over what tho safety-valves on tho ordinary 
construction are loaded at. 

In the case of marine boilers it is required by tho Government regulations that there shall bo 
at least one safety-valve upon each boiler loaded direct by weights, and that the area of this valve 
shall bo ono circular inch for every horse-power nominal ; so that a boiler supplying steam 
equal to 100 horse-power requires a safety-valve 10 in. diameter. But although these valves are 
loaded by direct weights, the pressure in tho boiler will necessarily exceed tho load on the valve 
when tho steam is blowing off in great force, which is liable to occur occasionally when tho 
engines are stopped, from neglect in not casing the pressure at that time. There is, however, a 
serious defect in this mode of loading safety-valves on marine boilerH, from the circumstance that 
when the vessel rolls the pressure of tho weight is diminished ; and if it rolls to the extent of 45° 
there will not be more than 70 per cent, of the full load updn tho valves at that moment, and 
consequently there will be a loss of power when tho greatest power may be required. Moreover 
tho water in the boiler is subjected to violent commotion by the repeated starts of ebullition from 
the pressure being suddenly reduced by tho lifting of the safety-valve; and this commotion is not 
at all times stopped by the closing of tno valve, but produces priming in tho cylinders. With the 
improved valve, shown by the sections Figs. 2335, 233C, however, the full pressuro would bo 
preserved steadily in tho boilers, with any extent of rolling of the vessel. 




Ashcroft '* Lock Safety- Voice. — Fig. 2337 is a perspective view of the valve anil its parts, with 
ono side of tho onso removed, ami a portion of tho covering of the valve scats broken away, to 
show the internal construction. Fig. 2338 is an enlarged view of tho valve and its seats. The 
main peculiarities of this valve are in its having a double seat, and offering a much freer egress to 
tho steam than the singlo disk valve. By reference more particularly to Fig. 2338, these pecu- 
liarities may bo noticed. The valve itself is hollow, and has oil annular space between the two 
seats, into which, ns well as into its central cavity, the steam may pass. The shell that encloses 
it, and forms its seats, has radial projections, between which are spaces serving as passages for tho 
escaping steam. Fig. 2338 shows the valve lifted from its seat, the arrows showing tho direction 
taken by the escaping steam. A is tho valve, and B the seats. 

Fig. 2337 shows a guard-plate C, placed in front of the escape pipe D, to prevent tampering 
with the valve. E is a bolt securing the halves of the case together, and having a hole through 
it for the recaption of the staple of the lock. F is a cam for lifting tho lever and the weight G. 
The cap II, over the valve, serves as a guide to the valve stem, and prevents the steam from 
escaping into the lock-box. 

Marine- Engine Governor, invented by Peter Jensen , of Copenhagen. — The engines in very large 
screw-steamers with deep draught are considered to work with sufficient regularity even in a gale, 
as the size and weight of the ship to a great extent prevent it from pitching, and for this reason 
no great difference in the depth of immersion of the screw takes place ; but, except in the above 
case, serious irregularity is experienced in the working of marine engines in a heavy sea, when tho 
screw or the paddle-wheels are one moment deeply immersed and the next moment revolving half 
or more in the air. A wnste of power then occurs ; for although in a given time the same amount 
of power is supplied from the boiler, whatever the speed of the engines may bo at any moment, 
still the power is not exerted in an advantageous manner whenever the propeller is only partially 
immersed, as it then presents too little surface of resistance to the water, and is consequently not 
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ablo to propel the vessel so efficiently as when immersed to the proper depth. In most marino 
engines, therefore, instead of tho consumption of steam being reduced by saving the steam when it 




cannot be used to advantage in consequence of 
the propeller being only partially immersed, it is 
at that time wasted in driving the screw or the 
paddle-wheels with great speed in a light draught 
of water, and a great amount of slip or loss in 
effective speed of tho vessel consequently ensues. 

In applying a governor to marine engines economy 
of power must result, as in the case of stationary 
engines. Moreover, most of tho accidents occur- 
ring to marine engines are due to the suddeu 
shocks that will hap[>en during a gale even in 
well-balanced engines. Tho lubrication is also 
often rendered difficult, because the oil is thrown 
out of the cups; and the great amount of wear 
and tear in marine engines may be attributed 
partly to the shocks and the irregular motion, and 
partly to the more imperfect lubrication. 

Marine-engine governors have been attempted 
on several occasions, but only very few are yet 
applied. An ingeuious modification of the ordinary 
Watt’s centrifugal governor has been employed 
for this purpose, Silver’s four-ball governor, in 
which the action of a spiral spring is substituted 
for that of gravity, and the whole apparatus is balanced so as to remain undistnrbed in action 
during the pitching of the vessel. Hut the mode of action of all such governors is by checking tho 
supply of steam to control tho speed of the engine after it has begun to change either to quicker 
or slower ; and it has appeared to the inventor of the governor forming the subject of tho present 
paper, that tho principal desideratum in a good marine-engine governor is an instantaneous action, 
so thnt whenever tho screw or the (Middle-wheels are going down in tho water more steam may 
be admitted to the engines os quickly as possible, ami in the opposite case the admission of steam 
may be as ouiekly as jMMtsible checked, Wore the spaed of the cugines has been sensibly affected For 
attaining this object it seems more natural to make use of the cause of the evil as a remedy against 
it, or to employ tho irregular motion of the vessel ns a moans of regulating tho engines, than to let 
tho engines regulate themselves. By this means an intermediate step is dispensed with ; and by 
making use of the nou-clastic water as the motivo (tower of the governor, the action will lie exerted 
quickly enough upon the engines to regulate the supply of steam before the depth of immersion of 
the propeller has wen materially altered by tho pitching of the vessel. 

Tho construction of Jensen’s marine-engine governor is shown in Figs. 2339 to 2341 . Fig. 2339 
is a transverse section of the vessel showing tho governor in position; and Figs. 2340, 2341, aro 
a longitudinal section and elevation of tho governor enlarged. 

A cylinder A ia placed at each inner side of the vessel below the water-line, the bottom of tho 

4 o 2 
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cylinders communicating with the water outsido hy means of the Kingston valves B. Each 
cylinder is fitted with a piston C, which is loaded with a spring 1> either of steel, compressed air, 




or india-rubber. The piston-rods E act upon tall-crank levers F F, and by means of connecting- 
rods G G motion is given to a common spindle II, from w’hich the throttle valves of the engines art* 
worked in such a manner that when the pistons 0 go down the throttle valve* are closing, and when 
the pistons go up the valves are opening. Now as the pressure of the external water increases in 
proportion to the depth, when the openings of the valves B conic into different depths in conse- 
quence of the pitching or rolling of the vessel, the pressure on the pistons C will bo changed pro- 
portionately ; and to each pressure will corre*|mnd a certain iiosition of the pistons and of the 
throttle valves connected with them. Omitting the pitching of the vowel in a |wuldh'-whccl steamer 
and considering only the rolling motion, it is obvious that when one paddle-wheel is deeply im- 
mersed and tho other nearly or entirely out of the water, the pressure on the two pistons will bo 
different; but supposing them connected together, the iiosition of lioth and of the throttle valves 
will be then corresponding to tho difference of resistance on tho two iiaddlc-whecls. 

If these cylinders are placed as near to 
tho propeller as convenient, so as to ensure 
pretty nearly tho same depth of immersion, 
it will bo seen that this apjmmtus will then 
act as a governor for the engines; for when 
the profiler is revolving in a light draught 
of water, the supply of steam to the engines 
is projiortioimtely diminished ; and when re- 
volving in deep water, the supply of steam 
is projjortionately increased. 

Ihrvvmizitvj Governor, Fig, 2342.— Tho 
nature of this invention consists in swing- 
ing the balls of a centrifugal governor, at 
an angle to a radial line, harmonizing with 
aud corresjionding to the motion of said 
(•alls, in such manner that tho inertia, tho 
momentum, and centrifugal force, all act in 
favour of the governor, instead of against it, 
ns is tho case in tho ordinary centrifugal 
governor. Angulur Afoticm. p. 101. 

This is illustrated in Fig. 2343. A circle 
B is struck, of nearly the size of tho tall. 

A square is then formed by drawing lines 
tangentially with tho circles, as shown by 
dotted lines. This square gives the plan of 
the governor. C is the point of susi>on&ion 
of the arm ; the line from C to I) represents 
the arm, as also the direction of tho swing 
of the bull. The lines from C to E consti- 
tute the centres of the pius upon which tho 
arms F and links G are firmly fixed. The 
pins connecting F and G turn freely iti 
sockets C E. Links G form a connection 
with a stem passing through the centre of 
the valve. Links G may also turn outward, 
as shown at II, and form a connection with 
a sliding sleeve. The sockets C E are firmly secured to the shaft giving them motion. The angle 
of tho plane in which the tails swing is indicated by the dotted radial line I. Balls vibrating at 
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this angle will swing freely whether moving quickly or slowly: if moved slowly, they will lie acted 
upon by but little centrifugal force, and will swing low and perfectly free from the |*>int* of sus- 
I tension ; if moved quickly, they will lx* acted upon by greater centrifugal force, and will awing 




higher and farther out, though quite freely, without causing the h ast binding or friction at the 
joints, by which the arms are susncndttd. The balls arc at liWty to fall to the rear of the points 
of suspension, or to gain upon said points, according as the force of their inertia or their momentum 
predominate. By this arrnngemeut we obtain a governor the most simple anti cheap of construc- 
tion, beautiful in form, and in action, durability, and efficiency the most complete. 

The Voire . — Much difficulty is cxj)eriencod from impro|>erly-c< instructed valves, many valves 
being so constructed that large surfaces slide upon and against each other. The contact of these 
surfaces is expected to be steam-tight, and yet freely move against each other. This is a mecha- 
nical impossibility ; if such valve is auythiug like steam-tight, it will require a great force to move 
it : and should it gum or expand the least, it will stick so tight as to require a sledge to move it. 
If it is imulo to move freely, steam will pass between the surfaces, and in a short timeout a passage 
around the valve, instead of passing through it. 8nch valves should never be put on engines. 
The valve attached to this governor is so constructed that its opening and closing do not depend 
u[K>n surfaces moving upon or against each other, but upon surfaces moving towards and from each 
other. The imjiact of the passing stream is not upon and over the surfaces that are depended upon 
for closing the valve, consequently the cutting of the valve by tho steam will never cause it to leak. 
The valve has two steam passages j*erfectly balancing each other. The sham can never make for 
itself falso |iaasages, as then* are no joint or openings but the proper passages for the steam. 

Oradnatintj Valve** — An idea has boon entertained that a valve should have nu increased open- 
ing, taperiug towards a point. 8uch valve will, as is intended, supply steam to the engine in a 
ratio differing from that of the action of tho governor. To graduate the quantity of steam to the 
engine is especially the office of tho governor, and any attempt to effect it in the valve acknow- 
ledges the deficiency of tho governor. If the valve openings are proportioned to tho supply-pipe, 
a good governor will do all tho graduating. Tho effect of a taper valve is but to lengthen the 
throw of the valve. This becomes necessary from the defects of the radial centrifugal governor, 
as it never acta at the prujier time and always with a plunge beyond the proper point. For this 
reason the valve openings are made close, requiring a long throw, so that the defective governor will 
not at one moment cut all the steam off, auu tho next throw it all on. Hence a graduating valve. 

The iimcnwr a $ a Cut-off . — A good governor combined with a pro|x»rly-c< instructed valve con- 
stitutes perhaps the best variable cut-off made. The capacity of the valve should equal that of the 
pipe ; the openings should be perfectly straight across without tho least taper. Such a vnlvo will 
require but very tittle throw, and a governor acting positively aud simultaneously with any change 
of speed in the engine will either cut off all the steam when required, or give the boiler pressure 
of the steam from a change of speed impossible to be detected by the eye. With the usual variable 
cut-off the statin inay bo cut off near the beginning of the stroke, and no steam can be admitted 
until the beginning of the next stroke. If a heavy haul lie thrown on the engine immediately after 
the steam is cut off near the beginning of tho stroke, tho speed of the engine will Is) dragged down 
before steam can la) admitted after passiug the centre. 

. Loeomot ire- Butler Mountings desijneU by IV. Stnmdley. — Figs. 2344 to 2332 illustrate a number of 
examples of locomotive-boiler mountings of |«Ucrus which have been successfully used for some 
time past by W. Stroudley, the locomotive superintendent of the Highland Railway, and which 
have also been adopted on other lines. The main features in these mountings ore the external 
screws by which the cocks are closed and opened, and the arrangement of double-faced valves 
which render packing unnecessary. Referring to Fig. 2344, for instance, which represents a set of 
gauge-glass fittings, it will be eeeu from the sectional plan that tho conical back of the valve when 
the latter is open makes a tight joint against a face provided for it, and thus prevents the passage 
of the steam or water jsist the valve spindle. In this instance, also, the back seating of the valve 
is, in the case of the lower fitting, so constructed that when the valve is screwed jiartiully forward, 
a communication is opened between tho gauge-glass and tho waste-pipe. The screw by which tin* 
valve is moved is square-threaded, and is 2 in. in diameter outside, and J-in. pitch. From iU 
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position it can be readily oiled and kept in order, and os its threads havo ample surface, the wear 
that goes on is very small. 

Fig. 2345 shows an injector steam-cock with a clear boro of 1J in., and as in this caae it is 
desirable tliat the cock may bo opened quickly, the screw, which is 2} in. in diameter outside, is 
doublo threaded, and is of J-in. pitch. Another smaller injector steam-cock with j-in. bore, is 
shown by Fig. 2347, the opening screw, which is double threaded in this case also, being 2$ in. in 
diameter outside, and 4-in, pitch. The tallow cock shown by Fig. 2346, tho blow-off cock shown 
by Fig. 2346, and the blow-cock, gauge-cock, and mud-plug, represented by Figs. 2350, 2351, and 



2344. 2345. 




2352 respectively, will require no special description, ns their construction is clcarlv Bhown by the 
engravings. We may, however, point out that in tho case of tho blow-off and gauge cocks, 
Stroudloy uses y -threaded screws. 

In the case of the clack-box shown by Fig. 2343, it will bo noticed that Stroudley places the 
joint face on the under-side of tho screw, and tho steam and water arc thus prevented from getting 
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access to tho Utter. By this means all the difficulties incidental to screwed covers of the ordinary 
kind, such, for instance, as the sticking and furring up of the screws, is avoided, and 8troudley 
found that the covers thus constructed suited well. 



1‘M9. 2350. 




Manhole Coter.~lt is not entirely to the amount of metal cut away that tho weakness of an 
unguarded manhole is duo; the action of the cover plays an important part in the matter. The 
covers are generally placed internally, and are held up by the steam pressure within, as well as 
being suspended from arched bridges outside by bolts and nuts. Tho joint is very seldom a good 
one, the curve of the cover does not always follow that of tho boiler, and as the surfaces of tho 
plates at the joint are not dressed smooth so as to make a tolerably tight joint, n considerable 
strain is frequently brought on the bolts. Hence wo get the bolts pulling and the steam pushing 
at the plate, the result of the joint action tending, of course, to force the cover through tne man- 
hole, and rend the boiler plates. The importance of strengthening the manhole with a mouthpiece 
and otherwise rendering it safe is therefore very apparent; it is a remedial nr rather a preventive 
measure, very easy of adoption. To this matter Joseph Bide has given his attention, and has 
invented an improved manhole cover which we illustrate. Figs. 2353, 2354. This cover has been 

2353. 




2354. 




in uao and has proved thoroughly successful. Tho cover fits against the inside with a faced joint, 
and cannot bo taken off while there is any pressure of steam in the boiler ; and the strong ring, 
forming tho outer part, strengthens tho shell of the boiler, thus preventing accident through 
fracture of the manhole plate of the boiler. 

A Manometer is an instrument for measuring the rarity, or, what amounts to the same thing, tho 
elastic force of gases, and especially that of steam in boilers. There ore three principal kinds ; 
free nir, eompreated air, and metallic manometers. 

A free air manometer is an inverted siphon A AT B, Fig. 2355, ono end A of which opens into 
the boiler and the other end B into the air. The lower portion of the tubo is filled with mercury 
up to a height C or O' which is the same in both branches ao long as tho pressure in the boiler is 
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equal to the* pressure of the atmosphere. But if the pressure of tho steam exceeds one atmosphere, 
the level sinks by a certain quantity C I) in tho adjacent branch, and rises in tho other branch by 
a quantity C‘ D', which is equal to C D if the diameters of both branches are equal. The excess 
of the pressure of the steam over Hint of the atmosphere is measured by tho difference of level in 
the two branches ; nnd if we denote the nnaumre of tho steam to the square metro by P, that of tho 
atmosphere by P w the weight of the cubic mitre of mercury by n, ami the height D IT by 2 A, 
we have 



n 



n 



-* 4* 2 A. 



[ 1 ] 



The quotients — and — 1 * express the heights of the columns of mercury, the weight of whioh 
would bo equivalent to the pressures P and P # ; calling these H and H„ we may write 

H = H, + 2A. [2] 

The employment of this kind of manometer is prescribed in France by the administrative regu- 
lations of 1843. It is, however, open to the objection of requiring a great height when tho pressure 
in tho boiler is considerable, for the distance I) D' must be equal to ns many times 0®* 70 as there 
arc uuits in the number of atmospheres expressing the excess of the measured pressure above that 
of tho atmosphere. Since the date nlxive nlludcd to, SIM. Thomas and Laurens have removed 
this defect by giving the ascension tube a greater diameter tlinn the rest of the nmnometrical tube. 
This arrangement is represented in Fig. 23,56; «6 and cd are tho two branches of the iron siphon 
from 5 to 6 millimetres in diameter. Tho branch or arm <16 which communicates with the boiler is 
surmounted by a cast-iron cylinder A A, which receives the condensed steam, and which is always 
filled with water. The arm cd is surmounted by a tube of thick glass BB, the inner section of 
which is five or six times greater than that of tho siphon ; affixed to this tube is a graduated 
scale / /. In communication with the upper portion of the tube is an iron pi|K) D D, closed at tho 
bottom and pierced with an orifice O in its npper portion. This pipe is intended to receive the 
mercury in case the excess of pressure should raise the level n above the ordinary limit and force 
the liquid out of the tube B B. The effect of the enlarged section in the upper part of the siphon 
is obvious. If, for example, the section of the tube B B is five or six times greater than that of tho 
arm ab, when the increased pressure forces tho mercury down this arm by a quantity A, it will rise 
in tho tube B B only jA ; nnd the manometer thus modified will require much less space. For- 
mula [2] may lie easily modified to render it applicable to tliis arrangement ; but it is better to 
graduate tile scale 1 1 by means of a standard manometer. 



234ft. 





2357. 




Richard has adopted another arrangement for reducing the height of tho manometer, founded 
upou a principle long known, but which he has happily applied. This arrangement consists in 
bending the tube a number of times, ns shown in Fig. 2357. In the nature! state, tluit is, when the 
pressure in tho l>oiler is equal to the atmospheric pressure, all the tidies arc filled with mercury in 
their lower portions up to the same level tan which divides them into nearly two equal parts, and 
tho upper curves are filled with water. When the pressure iu tho boiler increases, tho level of tho 
mercury in the adjacent tube sinks by a quantity A and stands at a x ; it rises in consequence in the 
next branch by an equal quantity and stands at Aj ; it sinks by A in the third branch and stands 
at a,; it rises by A in the fourth and stands at A,; nnd so on through tho other branches, till it 

stands in the last at b y Let P„ P„ P, be the values of the pressures to the metre at tho 

points P„ P„ P„ the values of the pressure at the points b„ &„ , . ; n 

the weight of the cubic mfctre of mercury, nnd Q the weight of the cubic metro of water. Con- 
sidering the levels <*„ 6„ Oj, we shall have P, = p% + n.2 A and P* “ Pi + Q-2 A, whence 



P, — P a =: (n — Q).2A. 

We find in like manner 

r t -p,»(n-Q).*A, 

P, — P« = (n — Q).2A, 
P* — P* = (n-Q).2A; 
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whence adding member by member, 

P,-P, = 4(n-Q).2A. 
Wo have again P» — p t — n.2 A, 



ff“n =2 *[ 1 + 4 ( 1 _ n)} 



or, substituting for its valuo , 

^L-^‘ = 2A[l-f4 x 0*926], [3] 

a formula which will enable us to calculate tlu* pressure P, of the steam knowing the height A, 
or to determine, on tho contrary, this height knowing the pressure P,. It may be remarked tlmt 

the number 4 which multiplies 1 — — is the number of tho lower curves of tho tube diminished by 

xuiity ; so that calling this number of curves n , tho height of the mercury measuring tho pressure 
in the boiler II and that measuring tho atmospheric pressure Ii„, we shall have generally 
H = H + 2A[1 + 0*926 (» - 1)]. [4] 

A compressed-air manometer is also an inverted siphon, having onearm closed while the other is 
in communicutipn with tho boiler. Fig. 2358 represents tho usual arrangement of this apparatus. 

When the pressure in tho boiler is equal to the pressure of tho atmosphere, tho mercury is at 
the same level m a in the two arms. 2353 

When the pressure increases in tho 
boiler, the level is depressed byaquan- p5 
tity A in the adjacent arm, and stands f 

at B, it is, consequently, raised by an £ 

equal quantity in the other arm and = 

stands at A, the air ill this arm being ■= 

compressed by the rising of the mer- rC j 

cury. If P denote the pressure iu the = j 

boiler, and P # the pressure of theatmo- £ U y •-*». A 

sphere, we have first as the pressure at z r\ 1 x \ J ~ 

A after compression, P„ — — - , Y re- £ w _ n 

presenting the height of the closed | / / B 

t ube above the level mn. Consequently, » ^ ~ i | -Jr 




or H = H #y -^ + 2A, [6] 

a formula eunbling us to calculate H or A knowing one of these quantities. 

The cloaed arm is provided with a scale a A, which may bo graduated by meanB of formula [6] 
or by comparing it with a standard manometer. 

These compressed-air manometers are sometimes arranged, ns shown in Fig. 2359. M N is an 
iron receptacle communicating with the boiler through the pipe U. This receptacle is provided 
on its lower side with a kind of bulbCCC, into which the inauoinetrical tube D D, which is 
closed at the top, plunges. Tho receptacle being partly filled with mercury, the pressure of the 
steam depresses the level of the mercury in the receptacle by forcing it up through tho tnbo 
which is provided with a scale a 6. Supposing mn the level of the mercury when the pressure in 
the boiler is equal to the pressure of the atmosphere, if the level sinks by z in the box MN, it 
will rise by n z in tho tube, » denoting the ratio of tho sections, n and u> of the box and of the tube. 

We shall have, therefore, 1* = P„ — — — -f (a + 1) z . n, or limkiug n; = A, dividing by n and 
substituting for » its value — , 

or ngsin, II = H, • + (' + ;) *■ [7] 

The indications of the manometer ought strictly to undergo correction relative to the change 
of temperature. But, as a variation of 15° occasions an error of only ami as extreme accuracy 
iu measuring the pressure is never necessary, this source of error is usually neglected. Yet, if it 
be required to take tho temperature into account, we may proceed as follows; — 

Taking the arrangement of Fig. 2359. let y lie the volume occupied by the compressed air 
at a given moment, or the numlier of divisions which it occupies in the tube, and p the pressure of 
this gas to the square metre. We shall have, putting t for the tcnqicraturc and <i for the 



We shall have, therefore, P = P„ - 
substituting for n its value — , 
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coefficient of expansion, p = 10334* • — (1 + a <), Y being tho volume of the same gas at 

zero and under the pressure of 0"-76 of mercury. Let H be tho height of the column of 
mercury above the level of tho bulb. This height, observed at tho temperature /, would lie 

at zero — or . The weight of a column of mercury having this height and 

I i i It®' 000 lot 

+ 5550 

13598* H 

a base of 1 square metre would be ■ * ’ ; , which is tho pressure exerted upon 1 square 

1 T O' UOOlo f 

- - Y 13598* . H 

metre by the column in question. Hence we have P = 10334* • — (1 + a <) + — Q.QQ^g ^ » and 

ns the number 10334 is the product of 13598 by 0*70, we may WTite 

P = 10334» [(1 + ,,<)I + . JL . t +0 . 1 0001g J - [8] 



If Y is unknown, it may be determined by experiment, using this very formula [8]. For tliis 
purimse we must put the bulb in communication with the atmosphere, observing at the sniuo 
moment tho barometer. P is then equal to the pressure of the atmosphere ; we observe y, H and t ; 
all is then known in the formula except Y, the value of which we may thus determine once for all. 

If Z is the barometrical height observed, we have P = 10334 . ; substituting this value, tho 

numl>er 10334 vanishes from the formula, which enables us to find Y more easily. 

The compressed-air manometer is open to a grave objection ; the oxy- 
gen of the air contained in the manometrical tube is gradually absorbed by 
the mercury, which becomes oxidized ; tho volume of compressed air di- 
minishes, and the instrument indicates too great a pressure. The gas having 
no influence upon the mercury, might be substituted for the air. But their 
fragility and great cost have led to tho gradual abandonment of air mano- 
meters, and to tho substitution of a less accurate instrument, but one that is 
less liable to injury and much cheaper. namely, the metallic manometer. 

Steam Whistle . — An apparatus attached to a steam-engine, through which 
steam is rapidly discharged, producing a loud Bhrill whistle, which serves as 
a warning or signal. In Fig. 2360, a is a tube, 6 hollow piece, c c cup, d thin 
brass cup, and e f stop-cock. The steam issues from a narrow annular orifice e 
around the upper edge of tho lower cup or hemisphere, striking tho thin * 
edge of the bell above it, and producing sound in the manner of an organ- 
pipo or common whistle. 

Connecting-Rod for Clayton and Shuttleworth’s Portable Engine, boo p. 33. 





References: — 1, Turned middle part of rod. 2, Shaped end. 3, Strap. 4, Brass. 5, Cottar. 
6, Gib. 7, Set screw to secure cottar after adjustment. 8, Oil-cup with wick and cork. 
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The largo anil small ends of this connecting-rod, Figs. 23G1, 2362, being similar, differing only 
in size, tho saim: figures are put to denote similar parts at either end. 

Cylinder infA Steam-Jacket for Clayton and Shuttloworth’a Portable Engine, Figs. 2363 to 
2366. 

3363k 2364. 




3365. 2366. 




References: — A, Cylinder. B, Steam-jacket. C, Openings for removing the core, provided with 
steam-tight covers D. E, Projecting flanges to hold the cylinder from lagging. F, Contains socket W 
for receiving the chimney rent. 0, Opening giving access for boring out the steam-pipe in which the 
throttle valve works. H, Conical plug for closing G steam-tight. 1, Exhaust passage. J, Steam-chest 
cover. K, Front cylinder cover, with gland X for piston-rod and projection Y, to which the slide bars 
are bolted. L, Bark cylinder cover. M, Gland for slide-valve spindle. N, Steam ports and passage*. 
O, Exhaust port. P, Gland for throttle-valve spindle. Q, Bottom of cylinder casting planed to segment 
of circle to ht barrel of boiler. It, Cylindrical part carrying the stop-valve port S, and having grooves 
T for stop. T, Valve to slide in. Part It projects through into boiler. U, Screw thread chased on 
part R for securing the cylinder to the boiler by means of a ring nut, in addition to the usual bolts 
which pass through the bottom flanges Q. V, Throttle valve. W, Socket for chimney rest. X, Piston- 
rod gland. Y, Projections from front cylinder cover, to which the four slide liars are bolted. 
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References: — A, Under part of bracket, planed to segment of circle to fit barrel of boiler. 
6, B, Cellular; the parts of which are arranged to give strength and lightness, c, C, Cap of 
bracket, d, D, Oil-cup fitted with wick and cork, e , E, Thin plate to lock the bolts which fasten 
the cap c, C. /, F, Side brasses, g, Backing pieces, one to each side brass. A, H, Set screw* for 
adjusting side brasses f, F. 1, Bottom brass. J, Wedge for adjusting bottom brass, k, K, Screw 
bolts for moving adjusting wedge J. 



Eccentric , — A contrivance for converting a continuous circular motion into a reciprocating 
motion. There nre several kinds of eccentrics ; the circular , or eccentric, properly so called, and 
various other contrivances bearing the name of excen tries, but which are really cams, such ns the 
heart-shaped eccentric , tho Mangutar eccentric , eccentric* i eith a uniformly retried motion. and so on. 

The circular eccentric consists of a circular disc I), Fig. *230;*, usually hollowed to dimmish its 
weight. This disc tums about an axis O, pcrjicndiculnr to its plane, but which does not pass 
through tho centre of the 
figure C, whence its name ex- 
centric. 'I’ho disc is enclosed 
by a ring A A, called an 
d'centric strap , moving freely 
upon tho circumference of 
the disc and connected by 
rods A' B, A' B, called eccen- 
tric rod*, with tho extremity 
B of the piece to which it is 
required to give a recipro- 
cating motion in tho straight 
line X Y passing through the 
point O. in the plane of the 
disc. The distances O 0 and 
BC remaining invariable, the point B moves upon the straight line X Y, ns if it were connected 
by means of n connecting-rod of a length BC, to a crank having a length OC and its centre in O. 
In other words, the circular eccentric is only a variety of the arrangement denoted by the terms 
connecting-rod and crank. Tin* law of motion will, therefore, Is* the same; that is. if wo draw O H 
perpendicular to X Y, terminating it at BC produced, we ahull have, putting u for the velocity of 
the jioint C, and c for that of the point B, 




so that if w is constant, r is proportieunl to O II. 
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The circular eccentric is employed in steam-engim** to work the slide-valves. The largo 
amount of friction produced between the sheave and its strap renders the application of this eccen- 
tric impracticable in cases in which it is required to transmit a great force. The same may bo 
mid of all contrivances bearing the name of eccentrics; they arc applicable only when the force to 
be transmitted is small. 

Another way of employing the circular disc to produce a reciprocating motion is to make it 
turn aU-uit a point O, Fig. 2370, taken on its circumference ; nnd, instead of enclosing it in a ring, 
it is mado to revolve in a rectangular frame A 11, A' 11', 
with two | «iml h i sides of which it is constantly in contact. 

A red fixed in the middle I and 1' of these suit's, and pass- 
ing between guides G and G’, receives thus a rccinrecating 
motion the extent of which is the diameter of the disc. The 
law of the motion is easily obtained. Let w Is? the angular 
velocity of the disc, nnd r its radius. Taking the disc in 
any position, draw, through the centre of mtution O, O H 
|K*rpendieulor toGG', or parallel to the sides All, A' II'; 
and through the centre 0 of the disc draw 'FT' parallel to 
G G\ or perpendicular to tho above-mentioned sides. The 
points T and T' will be the actual points of contact of the 
disc with the frame. If l* is the point of intersection of tho 
straight lines O li and TT\ it is plain that wo shall obtain 
tho law of the motion by expressing the distance TP as a 
function of the time t, reckoned, for example, from the 
instant when the point C was upon the straight lino OH. 
llut wo then have COP = « t ; consequently 

TP = TC + CP = r(l + sin. c* f). [2] 

Such is the law which it was required to obtain. It will 
be readily perceived that tho distance T 1* varies between 
zero and 2r. The adrnntngo of this eccentric is, that tho 
changes of velocity tAke place gently, and that the disc 
always acts normally to tho side* of the frame or case. It 
would, however; give rise to a considerable amount of friction if the force to lie transmitted were 
not small. 

Kcctntric Strap, Fig. 2309. — The revolution of tho eccentric in its strap causes an amount of fric- 
tion that must ho considered; the resistance caused by this friction is, however, easily calculated. 
If T represent tho tension or the pressure exerted by tho eccentric rod. tho friction of the strap 
against the circumference of the eccentric will be represented by /T, / denoting the coefficient of 
friction ; ds being the element of the inner circumference of the strap, the elementary work of tho 
force T will be /Tt/a, and the expression of its total work fur one revolution of the eccentric will 

/ia»r 

be / /Trf«, r denoting tho inner nulim> of the .trap. As the force T is not given ntmlytimlly 

c'o 

ns a function of .t, this definite integral must he calculated by Simpson’s approximative formula, 
having detennimxl an even number of values of T corresponding to values of $ in arithmetical 
progression. For this purpose we nmy tmee the eccentric nnd its rod in a certain nutntar of |Kwi- 
tions, embracing altogether a whole revolution of the eccentric. For each of these positions we 
determine tho force T, and, consequently, the friction / T; computing, at tho same time, the arc a 
of the inner circumference of the strap included between the point of contact of tho strap and of 
tho eccentric for each of tho position* considered, and the point of contact corresponding to the 
initial position. We may then trace two rectangular axes, representing ns aliscissm the values of 
a, and a* ordinates tho corresi>onding values of /T. The area of the continuous curve drawn 
through the ends of these oniinates will express the force sought. If the values of « are not in 
arithmetical progression, luiving traced the curve as deacrihcd alx»ve, we may divide the extreme 
abscissa — that is, ‘Iwr — iuto an even number, 2n, of equal {arts; raising ordinates through tho 
points of division till they meet tho curve, nnd measuring them on the plan, we obtain tho ordi- 
uates which arc to enter into Thomas Simpson’s formula. 

. 2 1 rr 

The first factor of this formula will bo a quantity proportional to r; it follows from this 

that the amount of work consumed by tho friction of the strap increases with the inner radius of 
the strap. On account of the large nmount of friction produced, this mode of transmitting motion 
is resorted to only when a small force is required, such, for instance, as that needed to work the 
slide-valve of steam-engines. 

Parallel Motion . — The beam and connter-l>oara is an arrangement for ensuring the rectilineal 
motion of a rod. To the end of a beam O A, Fig. 2371, which turns about a horizontal axis in tho 
point O, are jointed, on both sides, two equal rods having ns their common projection on the figure 
the straight line A B. The end* of these rods oorrvjqiomling to the |*>int B, are jointed to two 
other equal reds projected in B C, turning ntxnit a horizontal axis in 0. nnd forming what is called 
the evuntcr-beitm . In the middle M of the two former rods is fixed a horizontal axis, to which is 
jointed the end of the red whose motion is to be in a straight lino. To form an accurate id<* of 
the tnotiou which the axis M may assume, it will, evidently, bo sufficient to consider the lorn* 
described by a determinate point M in a moving straight line A B, resting at its ends upon two 
circumferences, the centres of which are O and C, and tho radii O A and C B. This locus is the 
Lcmniscate. It has the form of the digit 8 much extended vertically, tho multiple point of which 
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is situate upon the straight line joining the centres O nml C. The tangent is, in this point, 
sensibly confounded with the curve throughout a long distance, a circumstance that enables us to 
consider, within certain limits, the point M as describing a straight line; we shall see later that 
the error in this way committed is practically quite inappreciable. The long-inflexion curve may 
be easily constructed by points : for, if we assume the beam to be in any position A O, the point B 
may be found by the intersection of two arcs of circles described from the points A and O as 
centres with radii equal respectively to the length of the connecting-rod, and to that of the counter- 
beam. Having found the position of the connecting-rod, we have only to mark on it the point M, 
whose distance from the |**int A is known. It is also cosy to construct the tangent to the point M ; 
for if we produce the radius C B till it meet tho radius O A in I, the point I is tho instantaneout 
centre of the motion of the connecting-rod (see M. Cluude's theorem of instantaneous motion); 
consequently, by joining M I, we get tho normal in M to the curve described, and a perpendicular 
drawn through the point M gives the tangent. Many mathematicians have endeavoured to find 
the equation of the long-inflexion curve : M. do Prony, in an article inserted in the Annalea dcs 
Mines in 1826, and M. Vincent, in an article contributed in 1837 to the Transactions of the Society 
de Lille, considered the question in an especial manner. But the equation being of the sixth 
degree can bo of no practical use, without the application of Dnal Arithmetic, tee p. 1126. M. 
Belanger’s method of calculating tho co-ordinates from the point M for a given position of the 
beam, does not lend to some practical results. Thus let O X and 0 Y be two axes, ono horizontal 
the other vertical, passing through the point O ; lot M D and O D bo tho co-ordinate* y and x of 
tho point M with respect to these axes, and let O A = R, C B = r, A B = l, A M = A, A O X = a. 
Draw A H parallel to OX, Aa and C P parallel to O Y. We have immediately 

O a = it cos, a and A a ss R sin. a. 

Hence we deduce the distances C H and A H, and consequently tho hypothennso A C of the 
rectangular triangle AHC, and the acute angle CAH. In the trinnglo ABO. therefore, we 
know the three sides, and tho angle CAB may be found by the usual methods. The sum of the 
angles CAH and C A B is thus determined, it is the angle of A B with the axis O X. Represent- 
ing this angle by 0, we obtain, by the fundamental property of projections, 

* — R cos. a + A cos. 0, and y = R sin. a — K sin. 0. 

This calculation is necessary to ascertain tho deviation between tho curve and the tangent to tho 
multiple point, which a diagram even if constructed on a large scale could not make apparent. 
We thus see that, nbovo tho multiple point, tho curve deviates to the right of the tangent at first 
ami then approaches it, cutting it finally to form tho upper loop. In tho same way, below tho 
multiple point, the curve deviates to the left of the tangent, then approaches it and crosses to tho 
right to form the lower loop. 
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Usually the beam and the conntcr-bcam arc made equal, and they arc arranged in the following 
manner, according to the rules laid down by Watt. Let O A, Fig.' 2372, represent the horizontal 
position .of tho beam, and O A’, O A" the extreme and symmetrical positions assumed by it in its 
alternating motion. The angle A O A' is mode equal to twice the angle, having as its tangents 4 : 
hence we conclude that tho value of the aine of A OA' is which determines the length O A of 
the beam when the length of the half-chord A'N is known. It may be remarked in passing that 
the value of the angles A O A' itself is 18' 55' 28". The counter-balance is so disposed that, in 
its horizontal position, its extremity D may he upon the chord A* A" produced, and as tho excur- 
sions of the counter- beam are here equal to that of the beam, it follows that the point B is in its 
torn upon the chord produced B’ B" which joins the extreme points of tho arc described by the 
end of the counter-balance. The point M being in the middle of the connecting-rod, it follows 
that the point M, corresponding to the mean positions A' B' and A" B", are in the same straight 
line para lei to tho chord A' A”, dividing AN into two equal parts. A' A" and B'B" being 
uu< * P^allel, the figure A' It' B" A is a parallelogram ; the straight line M' M" joining tho 
middles of the sides A' B and A''B" is, therefore, parallel to A' A". Again, the figure A N BQ 
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ia a rectangle; and M'M" is confounded with one of its middle linos, sinco it ia at an equal 
distance from A' B ami A B" ; therefore, the middle M of the diagonal A B ia upon M M". Finally 
the point M ia also the middle of the diagonal X Q, which is one of the middle linea of the 
parallelogram A' IV B" A" ; therefore, the point M ia the middle of M' M" ; and this straight line 
is equal to A' A" or to IV B”. But M' M" is the stroke or travel of the rod to be guided; the chord 
A' A" should, therefore, be taken equal to this stroke. In this diagram the length AB of the 
connect ing-rod has been taken arbitrarily ; but Watt recommends the adoption of a length equal 
to the chord A' A", or at least to the f of this chord. 

The lemniscate, which in the present case takes more |)articularly the name of Watt’s curve, 
passes, as wo have Been, to the right of M M', and returns ill M', passing thence to the left ; but 
the calculation shows that the greatest deviation between the curve and M M\ which haiqtens at 
about $ of thiB distance reckoning from M, does not reach 0 '00011 of the radius OA; toe name 
deviation occurs on the left of M". This deviation, it will lie perceived, is altogether imperceptible. 
M. Tehcbycheff, in a learned communication to the Me'moires do l’Academie de 8aint-lYter»bourg, 
has demonstrated that the proportions adopted by Watt are not those which correspond to the 
minimum of deviation ; hut they have boon generally adopted on account of their simplicity. It 
bus also been Bhown that the deviation maybe diminished by making the chon! A' A" greater than 
the stroke of the rod to lie guided, Ix-cause in that case the joint of the rod would not reach in its 
motion the positions corresponding to the maximum of deviation. But this would cause another 
objectionable feature, namely, a useless increase of the dimensions and weight of the beam. 

Straight- Link Voire- Motion, Fig. 2373. — By this arrangement, invented l»y A. Allen, simultaneous 
movement is given to the eccentric rods and link and to tho valve-rod, in opposite directions, by 
abort levers placed on opposite sides 
of the reversing shaft, thereby ob- 
taining a straight link. This valvo- 
motion Is easy of reversal, balance 
weights are dispensed with, and the 
sliding movement of tho block is 
reduced. The only fixings required 
are tho reversing - shaft brackets. 

Most accurate results os regards an 
equal distribution of the steam can 
be obtained by this motion ; while 
from the simplicity of the motion 
and from the link being straight, in 
place of curved, repairs are more 
economically executed. 

Pressure Steam-Gauge, Foster's Direct-arting . — With respect to accuracy, durability, mechanical 
arrangement, and efficiency, no spring steam-gauge that has fallen under our notice, and wo have 
examined many, equals that of Foster, Figs. 2374 to 2376. 
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In Fig. 2376 tho cover is removed to show the position of the spring, the spindlo and its acrew- 
ahaped slot. The coiled flat spring of this gauge is shown in plan Fig. 2378, of which A, 
Fig. 2377, is a section. Figs. 2370, 2380, are of one of Foster’s testing gauges, full size ; this small 
gauge can be made to indicate up to 300 lbs. without increase of size. A plate of vulcanized 
rubber B, Fig. 2377, rests upon the spring. O, Fig. 2377, Bpindlo with scrcw-shaped slot : ono end 
of this spindle rests in a socket-piece fixed in the centre of the spring A ; tho other end has tho 
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of order, the spindle which carries 
the hand lias only its own weight to 
support ; — they are very sensitives as 
the slightest pressure is immediately 
shown by the hand. Foster and Bar- 
nett carry out the same principle in 
weighing machines, which shows that 
the action of a spring an formed is 
uniform. One of those weighing 
machines is shown in Figs. 2381 to 
2383. Fig. 2381 is n plan. Fig. 2382 
an elevation, and Fig. 2383 a sec- 




tion. F, F, F, feet or supports. C I*, 2333- 

Fig. 2382, the pointer. 8 the scale 
or disk of balance. The slot, of 
which we have before spoken, is well 
defin'd in Fig. 2383. 

Lnbricatitjn of Steam * — It has l>een 
found advisable and generally ncc<w- 
eary to grease the interior of the steam- 
cylinder; sometimes the slide-valve. 

If the steam is very wet, the attraction 
of the walls of the cylinder causes a certain quantity of water to be deposited on them, and the 
friction is not excessive enough to cause the engine to groan, hence engines arc occasionally met 
with in which, because of the wetness of the steam used, there are no special mean* of lubricating 
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tho internal rubbing parts of tho stoam -cylinder. But it has licen found more economical to have 
the steam superheated or at least somewhat dry : it then appears more or leas blue when let off 
into the open air. It is for such cases that special means of lubrication arc necessary. The 
prevailing method is the grease-cock on the steam-cylinder, and sometimes a smaller cock on the 
slide-cheat. The greaac-cock is in the sha|>e of a hollow ball with a ooek above and another 
below. A cup of the same capacity as the boll surmounts the upper cock. The latter being closed, 
the cup is filled with grease, generally tallow, the lower cock shut and tho upper opened, when the 
cup will empty its contents into tho ball, and by then closing the upper and opening the lower 
cock the tallow is drawn into the cylinder. It is singular that such a rough contrivance is still 
extensively used, while shafting is generally lubricated by some sort of self-acting means, such 
as capillary attraction in a wick, or by the needle lubricator. No sensible person would say that 
he preferred to empty the contents of the oil-cup into the bearing at once, and yet engineers do a 
similar action when they use tho old grease-cock on the cylinder. 

Of late years the subject has lieen agitated considerably, and lnoomotivce for instance are 
now seldom seen without some self-acting means 
for greasing the steam continuously before enter- 
ing the slide-valves. Also among stationary and 
marine engines the principle is being successfully 
applied. Bv lubricating steam not only is the fric- 
tion of piston, slide-valve, piston-rod, and slide- 
rod reduced to a minimum, which means a saving 
in fuel, but tbere is also great saving of tallow 
aud oil. Among the best known and approved 
lubricators may be named those invented by 
Rosooe, Wilson, Rams hot tom, Clements, and 
Gamble. The last named, of which Fig. 2384 
is a section, is perhaps the simplest and most 
practical of them all Supposing it to be con- 
nected to some part of the steam-pipe close to 
the slide-chest ; the steam, entering through the 
cocks A, passes through D into the lubricator, 
which is tilled with tallow B, II, up to the level 
F, G, of the steam-pipe, and stands over the sur- 
face of the tallow at 0. The steam condenses, 
and, water being heavier than tallow, falls to the 
bottom, thereby displacing a certain quantity of 
tallow which is thus forced over into the steam- 
pipe in a constant, slow, and dribbling stream. 

To meet the various requirements of tho various 
engines and the various temperatures the lubri- 
cators arc placed in, which of course produce 
Quicker or slower condensation of the steam in 
tne lubricator and consequent quicker or Blower 
feed of tallow into the steam, there is a simple and 
ingenious contrivance. It will be observed that 
the steam-pipe at its termination in the centre of 
the lubricator has a small hole at the tallow level, 
for the entrance of the fresh steam into the lubri- 
cator and the egress of tho greased steam. The 
steam-pipe has a siphon-pipe screwed into the 
bottom, reaching nearly down to the inside liottom of the lubricator. Into the insido top of the 
siphon-pipo is screwed the small regulating pipe, which has a small hole in its side, and has plenty 
of play round it where it passes through the steam-pipe. If this pipe is acrewed down so as to havo 
the hole in its side below the steam or tallow hole, then, owing to capillary attraction, the water will 
take the preference, aud will continue to be siphoned out from the bottom as fast as it comes in and 
condenses, so that little or no lubrication takes place. On the other hand, if the regulating pipe is 
acrewed up so that its hole comes somewhat over the tallow hole, then no water will be siphoned 
out from the bottom, and a very plentiful lubrication takes place. In any intermediate position, 
jsirtly water and partly tallow will overflow into the steam-pipe ; the proportions can be regulated 
to the greatest nicety. A strainer E is fixed over the filling hole, so as to clear the tallow if it 
should be dirty. See Air-Pump. Boilers. Butter. Engines, Varietie » of. Fuel. Gearing. 
Indicator. Link-Motion. Locomotives. Marine Engine. Mechanical Movements. Parallel 
Motions. Pumps and Ptmpino Engines. Slide-Valves. Springs. Stationary Engines. 
Steam and Steam-Engine. 

DEVIL. Fr., Ixmp; Machine a ourrir ; Gf.R., WoUhrecher ; Wolf; Ital., Diavolo. 

Devil is a rude term applied to a machine containing a revolving cylinder armed with spikes 
or knives, for tearing, cutting, or opening raw materials, os cotton, wool, rugs. 

DIAL. Fr., Dyal ; Gkr., Zifferblatt ; Ital., Oro/ogio solare ; Span., Reloi dc a of. 

A dial is an instrument for showing the apparent time of day from the shadow of a style or 
gnomon on a graduated arc or surface. When the shadow is cast by the sun, it is also called a tun- 
dial. 

The term dial is applied to the graduated faro of a time-piece on which the time of day is 
shown by pointers. A miner’s compass is also termed a dial. See Compasses, p. 1015. 

DIES. Fr., Mai rice ; Ger., Matrize ; Ital., Mat rice ; Span., C'm/To, Matriz. 

See Hand-Tools, Stock* and Dies. 
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DIGESTER. Fn., Marmitc : Geil, Kalcinirtopf ; Ital., Dig t store ; Spas., Mormita. 

A digester is a ntrong closed vessel, in which bones or other substances may be subjected, 
usually in water or other liquid, to a temperature above that of boiling. 

DISPLACEMENT, I*., Displacement ; Geh., Versetzung ; Ital Spostamenta, Portata ; Spa n., 
Liquido detalojado. 

Displacement. — Bodies, soys J. Scott Russell, which are designed to float in water, must bo so 
designed, that when they are put into the water sufficiently far to swim just so much out of the 
water as is intended, the part in the water shall be of the exact size necessary to displace 
the quantity of water intended, and that the body which floats shall bo of the exact weight of 
tho water it displaces. 

Let us see what will happen if this be not accurately done. Suppose the bulk of the body has 
been made too muill for the weight which it is intended to carry, the vessel will sink deeper into 
the water than had been intended; and by sinking so much it will displace tho additional quan- 
tity of water necessary to make up the extra weight, and so, though it swims, it will swim too deep. 
More displacement must therefore be found to meet the deficient weight; the vessel, which was 
intended to swim light, will swim deep in tho water, unless her weight be diminished by lighten- 
ing until she return to her intended former depth. What is to be taken care of in the calculation, 
therefore, is, that at whatever depth it has been decided that the ship shall float in the water,— or, 
which is the same thing, at whatever height the upper part is to flout al*ove Die water. — in that 
position the bulk of the part in the water, and the w eight of the whole ship and its oontents, must 
be so designed as to be exactly equal to the bulk of the water to be displaced by the ship, and the 
weight of the water to be so displaced. 

In a ship it is necessary to do more, however, than calculate one displacement. There are two 
critically important displacements to be calculated for every vessel— displacement when she is 
lving in the wnter ready to take in her cargo, or in the lightest state in which she will ever swim, 
that is, with a clean-swept hold; thiB is technically called light-displacement. The other is load- 
displacement, which is calculated for tho heaviest cargo she will ever carry, and the deepest draught 
of water to which she will ever sink under load. These are the two critical draughts of water, or 
depths of the ship in water. 

To calculate these, the constructor must first ascertain the exact weight of the hull of the ship. 
He must include in the weight of the hull all the essential parts attached to, and connected with, 
that hull. He must add to that the full equipment neceesarv to fit her for sea-going use; but he 
must not include thorn stores — water, provisions, coals, and so on — which are to be consumed 
in actual service. This weight of hull and equipmont for service constitute tho data on which to 
construct the light-displacement of the ship. 

Tho load-displacement is next to be calculated. The data for this consist, firstly, of the light- 
displacement, and secondly, in addition to this, of all tho stores, provisions, water, coals, and con- 
sumable commodities to be used on the particular voyage intended, together with the cargo or 
freight of every kind which has to come on board. 

To tho light-displacement corresponds what is called the light-draught of the ship, and to the 
load-displacement tlie load-draught. There is also the light- truq of the ship, and the load-trim of 
the ship. In some foreign tongues draught is called deep-going of tho ship, and this phrase gives 
the exact meaning of draught. Trim means difference of draught, or rather tho difference between 
the depth of the after part of the ship under wnter and that of tho fore pari 

It is usual to give a ship such trim that the draught of water abaft is somewhat deeper than 
the draught forward. In this case she is said to bo trimmed by tho stern. If it wero the contrary, 
she would be said to be trimmed by the head. This is what is meant when it is said that a ship 
is trimmed 2 ft. by the stern, or 2 ft. by the head, this difference of 2 ft. either way being techni- 
cally calk'd the trim. When a vessel is trimmed neither by the head nor by the stern, but draws 
the same water forward and aft, she is technically said to be on even keel. It is usual to take a 
middle draught, half-way between the fore and after draughts, and to call that the mean draught 
of the ship; so that a ship which is trimmed to 21 ft at tho Btern and 19 ft. at the bow, is said to 
have a mean draught of 20 ft. In this case it is common also to call this the draught of water of 
the ship, ami to call the greatest draught of water, whether at the stern or bow, the extreme 
draught. In calculations of displacement we generally use tho mean draught. 

The elements to be considered in calculating displacement are as follow ; — 



1. Dead-weight when light. 

2. Dead-weight when laden. 

3. Light-draught of water. 



4. Light-trim. 

5. Load-draught of water. 

6. Load-trim. 



These elements settled, we can now calculate exactly the displacement of a ship of any given 
form, of which we may possess a design — firstly, for her light-draught of water; secondly, for her 
load-draught. 

First, for her light-draught, wo mark off on the drawing of the ship the exact part of tho body 
of the vessel which will be under water when she floats light. We call this tho immersed body of 
the vessel (light). We then measure exactly, and calculate geometrically, the bulk of this im- 
mersed body. This bulk will be expressed in so many cubic feet — say 18,000. We next take the 
weight given for the ship and her equipments when light — say 500 tons. 

Now we know that a ship will float at a given draught of water when the quantity of water she 
displaces is of exactly the same weight os herself. In this case her weight is given as 500 tons. 
The question, therefore, is. Whether the volume of water, namely, 18,000 ft. — which is tho bulk of 
the immersed body, and which is, therefore, the quantity of water displaced — will weigh more or 
less than 500 tons ? 

Now it will be found that the bulk of 500 tons of water is just 18,000 cub. ft., and the displace- 
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ment of the ship, os measured, is also 18,000 cub. ft ; this, therefore, is the true light-displace- 
ment 

Secondly, for her load-draught, we mark off on the drawing of tho ship the exact part of the 
body of the vessel that will be under water when she is deep laden. We then measure exactly, 
and calculate geometrically, the bulk of that part of tho vessel which was formerly out of the water, 
but which has now been sunk under it by the lading. This bulk is, wo will say, 30,000 cub. ft. 
Thirty-six thousand cub. ft. of water weigh 1000 tons: therefore 1000 tons is tho dead-weight of 
cargo which tho vessel will carry on the given load water-line. 

But the total load-displacement of the ship consists, first, of the light-displacement of 18,000 
cub. ft. ; second, of the lading-displacement of 36,000 cub. ft. more: so that the total displacement 
of the ship, when laden, is the sum of the two, or 54,000 cub. ft. The immersed body or the ship 
at the load-draught bos therefore a total displacement of 54,000 cub. ft.; and the ship, with her 
cargo, floats a total weight of 1500 Urns. 

It is thus that the simple law of Archimedes reduces the question of calculating tho weight a 
ship will carry at a given draught of water, to a mere question of measurement of the bulk of that 
part of tho ship which will then be under tho water, and which wo have called the immersed body. 
For every cubic foot of that immersion we allow the weight of that cubic foot of water, and thence 
obtain the number of tons weight the water will support. This is said to represent tho floating 
power of the ship ; it really represents the buoyant power of the water acting on the outside of tho 
ship. The ship itself has no power to carry anything or to float ; all it does is to exclude the water 
and enclose the cargo. The ship is merely passive — the water carries both the ship and her cargo. 
Buoyancy is, therefore, the power of the water to CArry a given ship. It is proportioned exactly to 
the bulk of the body of the ship under water, and its force is measured by the weight of the water 
displaced, and which we have calks! the ship's displacement. 

There is an important conclusion to be drawn from this law, and it is, that the floating power 
of a ship has nothing to do with the shape of the ship, but is entirely due to its size or hulk. 
Practical ship-builders, ignorant of the laws of naval architecture, have imagined that they could 
confer surprising powers of flotation, and ability to carry heavy weights, merely by giving proper 
ahapOH, imagined by themselves, to the immersed bodies of their ships. Some of them, of con- 
siderable eminence, have been known to pass a long period of their lives under this delusion, and a 
very distinguished ono even wrote a treatise on the subject ; but the delusion passed away, and tho 
authority of Archimedes was re-established. The fact, however, of the existence and practical 
application of the opposite opinion tends to Bhow that tho principle of flotation is by no means self- 
evident, and the discovery of Archimedes had great merit. Its practical value to us is its admi- 
rable simplicity, its unquestionable authority, and its absolute exactness. To understand its nature 
is, however, less easy than to appreciate its value: and it will take A great deal of thought to 
understand thoroughly, why no possible invention of shape can give to a ship tho power of greater 
or leas buoyancy, than is measured by the exact weight of water which forms its displacement. 
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Sizes. 
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2 X 
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7 




•62*5 


pounds 


*1 
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„ sea water 


1 X 
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gallon fresh water J 
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inches 
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648 cub. in.J „ 
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9-216 
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ounce 
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728 


1 X 
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1-728 
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tons 
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6 x 
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feet 


3 
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6 x 
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3 




4 
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6 X 
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X 


4 




5 




180 


,, 


6 X 
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X 


5 




G 


,, 


216 


,, 


6 X 
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X 


6 




10 




360 


w 


6 x 


6 


X 


10 




100 




3,600 




6 x 12 


X 


50 




200 




7,200 




6 X 12 


X 100 




300 


n 


10,800 


n 


6 X 12 


X 


150 




400 




14.400 




6 X 12 


X 200 




1,000 


,, 


36.000 




12 x 24 


X 


125 


„ 


10,000 




360,000 




24 X 50 


X 300 


„ 


20.000 




720.000 




24 X 75 


X 400 


.. 


30,000 


" 


1,080,000 


- 


24 x 75 


X 600 





• 62 5 pounds = — - — tons = ~ ton* nearly, and 1 Ion — 35-84 ft. distilled water. 

35-M 36 

+ 64 pound* = — ton* exactly, and 1 ton = 36 ft. salt water. 

J Tbe imperial galton ia defined by the Act of 5 Oeo. IV.. c 74. aa containing 10 pound* of distilled water, at a 
temperature of 63 c -6 Kahr, and al*» aa measuring 277' 274 rub. In. If we take ordinary frrsb water at a lower tem- 
perature (40° Fahr.) a* our etandarti. a cubic foot or fresh water will wri*h exactly 1000 ounce*, or 62 5 pounds. All the 
thrum clrra above are correct within a very small fraction. 36 cub. fL of fresh water and 35 cub. ft of salt water are the 
practical numbers usually taken to measure 1 ton of displacement 

4 h 2 
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Simple form of Vessel, as an Experimental Shape, is a Box . — To understand the function# of tin* 
nhouhlcr of a ship, nnd those of the bottom, ami the tendency of both to effect the stability of the 
ship, it will not be necessary to consider any but the simplest form which can float. Let us tnkc 
for that purpose n square box of large size, say MO ft. wide, 27 ft. high, and of indefinite length, 
and let us sink it by a weight to 18 ft. deep in the water. Each foot long of n box having this 
breadth and height will carry a ton weight, for every foot of its depth in fresh water. Being 
36 ft. wide, a foot in depth displaces 36 ft. of water, the weight of which is 1 ton ; therefore, 18 ft. 
deep will weigh 18 tons : and suppose the box itself to weigh 6 tons to a foot forward, the vessel 
would carry besides itself a weight of 12 tons. Let us draw in the figure such a box, and across it 
the line of the surface of the water, which we shall call always the water-line. Let the weight on 
the box bo also a box, filled with heavy lead or iron, represented in Fig. 2385 ns placed on the 
top of it. 

This box truly represents a ship, the weight truly representing a heavy deck-load, proposed to 
be carried by the ship. It may represent the weight of an armament of artillery, or the weight of 
an iron-coated battery, or any other top-load. 




2387. 





2388. 




The question is, the ability or inability of that ship to carry that weight at that height out of 
the water. For this purpose we must conceive it to lean over on either side, and then examine 
whether it tends to return to the upright position nnd stand up, or to overset and let the weight 
into the sea. Let us, therefore, draw the ship in these two positions, FigB. 2386 to 2388. When 
we have done this we shall see that there is a part of a ship which is never out of the water, but 
keeps always under the water-line. Ix»t us shade this part differently from the other. It is called 
the under-water body of the ship, nnd it is also called the upsetting part of the ship. This under- 
water body is bounded by, first of nil, the bottom of the ship : scconaly, by the bilges, or corners of 
the bottom ; and thirdly, by n water-line of the ship in each of its two opposite positions. It is, there- 
fore, pointed at the top, where it forms an equal-sided triangle, the apex of which is in the water- 
line. Two flat surfaces, therefore, form the top of this under-water body, and the rest of it form 
the bilges and bottom, or under-water skin of the ship. It is this shaded part whose action is to 
upset the ship. 

Lot us now examine the nature of the upsetting force produced by the under-water Imdy, 
Figs. 2389, 2390. For this purpose, I observe that it is a symmetrical body, the right and left 
Bides being of the same size, of the same shape, and in the original upright '(mention of the hotly 
exactly balancing each other on both aides. 

We rnay, therefore, take its whole effect as concentrated in a point in its middle line. This 
point we shall call B, or centre of effort of the under-water body. 

TTie buoyancy or upward pressure of this under-water body will take place directly upwards in 
the line BA, and it will lie noticed that it is quite on one side of the centre of the vessel. It is 
next to bo noticed, in Figs. 2386, 2387, that the centre of the weight W is on the opjmsite dido of 
the upright line. When the ship careens over to the right, the weight also inclines to the right. 
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anti downward*; when the ship careen* over to the left, the weight al*o incline* to the left, and 
downward*. 

We huvu marked the direction of it* effect by the lino downward* from W. 

• 2389 . 2390 . 



It will now be observed that when the ship i* lowered on the right aide, the effect of the weight 
from above i* to pro** it downward* on that side. Unluckily, at the same moment the effect of the 
under-water body is equally bad, raising the opposite side out of the water. The *hip i* beset by 
two opposite forces, which, nevertheless, conspire in their bad offt>ct : one sinks the right in the 
water, while the other lifts the left out of the water, so that with opposite mean* both ovorsut 
the ship. 

Stability . — The substance and sum of what we know of the nature of stability is this ; — the 
shoulders alone give to the ship righting or uprighting power. No other part of the ship can bo 
so formed as to increase the righting power given by the shoulders. The righting power given 
by the shoulders is equally effective in squaring the ship to the water, whether it be still water 
or wave water. 

The bottom of the ship, or the under-water body, can in no way help the ship to keep upright ; 
there is no kind of bottom on whieh the ship can be said to rest in the water ; tfie most that any 
underbody can do, either by shape or size, is to take leas away from the stability giveu to the ship 
by the shoulder*, than some other shape or size of unde rlxxly takes away. Size of bottom, there- 
fore, or quantity of under-water body, lessons the stability of a ship ; and ha* to bo counteracted 
by the |WW«r of the shoulder*. In short, bottom upset* the ship ; so much so, indeed, that if it be 
large and powerful, it may tako more than the whole power of the shoulder* to keep it down, and 
prevent the ship from capsizing. A large underbody, therefore, weaken* the effect of the shoulder, 
by the whole of it* upsetting power. 

It is only, therefore, the surplus power of tho shoulder remaining over and beyond what is 
employed to keep down the underbodv, which we are able to make use of in carrying press of sail, 
or in supporting top-weight out of tho water. If there be any such surplus, it i* otir business to 
find out how much that is ; if it be enough to carry press of sail, and enough also to carry top- 
weight, then the ship may bo able to do without bailout. 

Ballast, in tho general sense of the word, signifies weights carried under tho water, a* 
distinguished from weight* carried above the water, or top-weight. There ore two ways of 
ballasting a ship; one is, by real lading, or stowing heavy weight* under the water; the other is 
by putting weights, which are not parts of the lading, nor essential parts of the ship, low down in 
the water, for the mere purpose of helpiug the shoulder* to carry top-weight. Weight placed 
under the water, in either way, may be said to have the following effects ; — First, by Wing under 
the water os far a* tho top-weights are above it, it neutralizes the bad effect* of these top-weights, 
and Ixilances them. In this way under-water weight helps the shoulders to carry ton-weight 

There is another way of looking at the effect of under-water weight in giving stability ; it aids 
the *honlders in keeping down the underbody. In this way, as well as in counterbalancing top- 
weight, under-water weight helps the shoulder*. 

Thus it is that there eomo to be three agents in stability ; two arising from shape alone, and 
one from disposition of weights. Tho shape and size of shoulder give stability of form. The 
shape and size of underbody give instability of form. What of the power of the shoulder romains 
beyond counteracting this under body is the true surplus stability, or measure of righting power, 
for that form. This surplus is all that can be used for navigating a whip and carrying her top- 
weight*. If more stability lie wanted, it can be obtained by weight alone. All tho weights of a 
«hip, which have their common centre of gravity in the middle of the ship, just between tho two 
shoulder*, neither help the stability nor hinder it. Only weight placed below the middle of tho 
shoulders gives help, and increase* stability; aud if the centre of all the weights of ship, enrgo, 
and lxillnst, taken together, fall above the water-line, the surplus power of the shoulders may 
enable her to carry sail. If not, there is no resource left but to lower the weight* in her, or place 
ballast in her bottom ; in other words, to supply the defect of stability of form by addiug stability 
of weight 

As, therefore, stability of form is that power which tho naval architect alone can confer on his 
ship; while stability of weight may afterwards be regulated by those who lode, and control, and 
navigate the vessel ; the form and action of the shoulder* are tho province in which the skill, 
contri vance, and forothonght of the designer can he most powerfully aud usefully employed. We 
shall, therefore, proceed to a general examination of the powers and properties of shoulder*. 
We may take shoulder* a* meaning those portions of a ship whieh, in heeliug contrary ways, 
rise out of, and sink into, the water; or tho part* of the ship between wind aud water; what is 
below the shoulders being bottom, or under-water body ; the remainder, above the water, being 
called top-*idos. 

Power of Shoulders to carry Shifting Weight . — The power of the shoulder* of a ship is shown 
when heavy weights, which tend to overturn the ship, are sustniuod above the level of the water ; 
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also, when they enable a ship to support heavy weights .shifted out of the centre towards either 
aide; also when they enable the ship to stand up under press of sail. This being the nature of 
the work the shoulders hove to perform, in order to prevent the oversetting of the ship, the manner 
in which they accomplish the work is as follows; — One shoulder sinks deeper into the water, 
the other rises out. The effect is, that the shoulder in the water iB increased in power by the 
quantity which falls into the water; and the other is diminished in power. Thus, the burden 
which one shoulder can carry becomes greater than the other ; and the question arises, whether 
it thus becomes great enough to bear the additional force thrown on that side of the ship, or 
whether the force is too great and overturns it. 

The question, how much the power of a shoulder is increased by its depression under water, 
depends on its size and sha|H k , and on the place of its action. If the two shoulders are equal, and 
equally immersed and vertical at the sides, then the whole weight carried by both shoulaers may 
be shifted to one side of the ship, to the extent of nearly { of the breadth of shoulder, without 
overturning. 

This may be well understood by studying the engravings which illustrate stability. Figs. 2391 
to 2396 show a pair of shouldcrs'carrying weight out of water. First, the whole is shown supported 
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in the middle by the joint power of both shoulders ; next, each shoulder is shown carrying its own 
weight 4 from the outside, and supporting each its own half without help of the other ; next, one 
shoulder carries all its own load and also half of the other’s ; finally, the whole weight is carried 
on a single shoulder, the other being entirely relieved. 

Figs. 2397, 239N, show exactly how these forces of the shoulders act. The centre O is the 
turning-point of a lover ; the points R and R are the centres of displacement of each shoulder. 
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When they arc equally in the water, their joint effect is on the middle ; when unequal, their 
resultant effect moves over to tho side of the more immersed shoulder. 

Figs. 2399 to 2411 show the effects produced by the different immersions of one shoulder to 
equally increasing depths. With every increase of depth the centre of joint support shifts towards 
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one side by a given distance, and the extreme shift is 24 it. 

measured by the total immersion of one shoulder and 
total emergence of the other. With each immersion T - — 
the total weight carried is shown on these figures at 
the point at which it is exactly balanced by the sup- 
porting forces. 

Fig. 2412 shows the manner iu which the centre of 
power of the pair of shoulders shifts with tho different immersions of shoulder ; each successive 
centre of effect being marked 1, 2, 3, 4, 5, G, and so on, for the corresponding successive depths of 
shoulder. 

3412. 





In the cases already examined, the depths of the shoulders are limited by angles of heel of 7° 
and 14° angle of shoulder. This is the standard angle for war vessels; but for merchant ships 
we use a heel of 14° 2'. or 28° 4' for the angle of shoulder. This angle of shoulder is shown in 
Figs. 2413 to 2416, and the manner in which tho centre of action of the pair of shoulders shifts 



3413. 2414. 




over to the sinking side is shown also. In Fig. 2416 the point under the centre of the shoulder is 
the centre of an arc, in which all the effective leverages or each shoulder lie. 
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In Fig. 2417 the depth of shoulder 
is taken as extreme. The centres of 
action are shown in each shoulder, 
and the joint centres of the pair are 
also shown. It is worthy of notice, 
that while the sinking of one shoulder 
and rising of the other take place to 
uniform successive depths, the centre 
of joint effect shifts over also by 
nearly equal Bteps to the sinking Bide. 
Depth of shoulder, therefore, makes 
no material change in the law of 
shift of the centre of action of these 
shoulders. Each half-inch of dip of 
shoulder enables them to carry a 
corresponding shift of nearly one foot 
of weight. 

On the Relations between the Shifting 
Potter of Shoulder and the Shifting Place 
of fixed Tap-Weight. — Hitherto we 
have shifted the weights across the 
shoulders, so as to place them directly 
over the points of joint action of the 
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shoulders; and thus we have made ad arrangement by which the weight and the shifting support 
exactly meet. But, in fact, the top-weight of a heeling ship follows a law of shift of its own, 
which is quite independent of the shift of shoulder. For each inch of heel of shoulder the fixed 
top-weight will incline over to the sinking side through the arc of a circle, Aud describe a given 
number of degrees ; and it depends entirely on the height of the weight above the water what 
length the arc shall be, through which the weight will be shifted with that inclination. When 
the height is great, the arc large, the top-weight may travel faster than the point of support 
shifts, anil upset ; or it may travel slower, and stand. It depends entirely on whether tho 
weight travels slower or quicker than the point of support shifts, whether the ship is stable or 
unstable. 

Figs. 2418, 2419, show theso two cases. In the former tho weight is high, and travels faster to 
the sinking side than the centre of support at tho shoulders, and so would unset. In tho latter, 
the centre of effort of the shoulders travels the faster, and gets always beyond tho line of weight, 
so as to right the ship. It is also noticeable that, by lowering the weight in Fig. 2418 to a height 
shown by a dotted lino, tho shift of the weight might bo diminished so as to become, at a certain 
point, exactly equal to the shift of centre of action of shoulder; Bnd then the body would rest 
inclined exactly in that position. This dotted line, therefore, indicates the limit between stability 
and instability. It may bo called the lino of balanced stability. 

Run ml Shoulders . — We have hitherto taken the shoulders, when upright, as having straight 
vortical sidoa. which is the common case of straight-sided ships. Fig. 2420 is the circular shoulder, 
and shows a similar equable shift 

of the centre of joint action of 2 m. 

the shoulders with the heel of tho 
ship. Fig. 2421 shows that the 
fixed top- weight shifts by a law 
which is not uniform. The shift 
of tho centre of effort is uniform, 
and that of tho weight is de- 
creasing. The top-weight shifts 
faster than the centre of support. 

A dotted line shows where tho 
top -weight should be placed, 
exactly to balance tho support 
due to the position. The power 
of shoulder to carry weight de- 
pends, therefore, on this simple 
question. Whether the centre of 
joint effort shifts farther and 
faster than the centre of the top- 
weight travels in the same direc- 
tion ? and every case that can 
arise may l>e solved by the con- 
struction of a diagram similar to 
the figures we have engraved ; or 
by a calculation founded on tho 
same method. 

Inclineti Shoulders show a very 
different law of stability from 
cither straight or round shoul- 
ders. If wo divide a pair of in- 
clined shoulders by radial lines, 
cutting off equal parts of tho 
inclined line above, wo shall find 
that these lines cut the under- 





water part of the shoulders into 
unequal triangles. Tho out-of- 
water part of the shoulder being 
large, the under -water part is 
BTUall. 

This variable power of shoul- 
der to carry weight with variable 
inclination, unfits it for the pur- 
pose of carrying a fixed heavy 
load with fixed stability. The 
diagrams show — 1st, the constant 
weight carried by the equal shoul- 
ders os they incline; 2nd, the 
power given by the excess of 
shoulder on one sido to carry 
increased weight ; 3rd, the place 
where such increase of weight 
would he supported. The lengths 
of tho arrows measure the forces 
they represent. See Figs. 2422 
to 2427. 
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ITAL., Distant*. 

instances and heights de- 
termined without moving 
from a given point or sta- 
tion to any other point or 
station. 

EckhoUTs Geodesical Omni- 
meter , Fig. 2428. — This im- 
portant mathematical instru- 
ment effects several geo- 
desical operations; namely, 
the measuring of distances, 
whether inclined or horizon- 
tal ; the determination of 
altitudes ; and the measur- 
ing of angles, horizontally 
or vertically. In fact, this 
one instrument does the 
work more expeditiously 
than, and supersedes the 
ose of, the chain, lord, ami 
theodolite. 

Distances and altitudes 
may be obtained without 
changing the position of the 
instrument at one and the 
same time, by one single 
and unique operation; and 
that, too, with greater exact- 
ness and facility than by 
any other means which has 
hitherto been employed. 




3427. 




Distances of 

n •• •• •• 

Heights at a distance of 

»» « 



100 ft. arc determined exact to 0 001 of a ft. 
1000 ft. „ „ 0 05 „ 

1000 yds. „ „ 1 ft. 

300 ft. „ „ 0 0005 of a ft. 

1000 ft. w „ 0 002 „ 
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The instrument is formed by combining a powerful inicroscopo a 6, Fig. 2428, with a telescope c ti, 
and a micrometer ef , which gives measures ou a horizoutul scale, divided in half millimetre^ 
placed at A B, as fine as 
0- 0000002 of a midre. or 
0 • 0002 of a millimetre. The 
microscope a 6 is perpendi- 
cular to tne telescope c </, and 
both move on the same axis 
O. The perpendicular dis- 
tance from the centre of the 
axis O to the scale A B can 
be found to any required 
degree of accuracy ; it is a 
constant quantity in each 
instrument. The bases and 
the perpendicular of any 
number of triangles may be 
token by the use of the 
microeoo)>e, micrometer, and 
scale A It, with accuracy, 
which triangles will be simi- 
lar to corresponding ones 
taken by the tmescojie. The 
most lrnjKirtant triangle 
given by the telescope is that 
formed by supposing two 
lines to pass through the 
telescope, one to the head 
and the other to the foot of 
a staff of known length, held 
perpendicularly at a point, 
the distance of which is 
required, or held perpen- 
dicularly in the direction of 
a required height. The 
similarity of the triangles 
here referred to may be es- 
tablished by plane geometry as fol- 
lows; — 

In Fig. 2429, if O D be perpendicu- 
lar to O H, m O to O A, m O to O B, 
and A B perpendicular to m v\ ; then 
the triangles mm'O and A O B, m D O 
and A OH, m'DO and B H O are re- 
spectively similar. For the angles 
m'OH + HOB = m'O H + DOm'r 
a right angle; therefore, the angle 
H O B = D O m', and the triangles 
m'DO and BHO are similar, beeauso 
the angles O D to' and O II B are right 
angles. In the same manner it may be 
shown that the right-angled triangles 
m D O and A H O are similar ; and 
consequently the triangles mm'O and 
AO B are similar. 

Hence we have the following pro- « 
portion ; — A B ! OH SI mm' S OD; 
then O D, or the distance 

_ OH x mm' ® 

a¥ * 

Again, A B S B H IS mm' l m* D ; 
then m' D, where the perpendicular 
distance O D strikes m m\ 
wm’xBH 
= AB * 



When the horizontal distance O D is determined, anv other height PQ in the direction of mm' 
is readily found, for when the telescope is directed to 1* aud Q, the microscope accurately deter- 
mines p q ; and as before shown, the triangles O P Q and Op q are similar ; then 

OH : P? ::OD:PQ; .\ any height PQ = ^y^. 

Since O H nmy be put = 1, 10, 100, 1000, 10000, and so on, the calculation become* ex- 
tremely easy. 

We shall take another case, Fig. 2430, where mm' is placed above the horizontal lino OD. 
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Then, ns in the. former case, m’ O is perpendicular to OB, mOtoO A, and D O to OH. A It H 
being horizontal, it is parallel to 1) O and perpendicular to U »' m. 

Therefore ^w'OH-^ro'ODa ^ DOHa right angle ; 
and Zm'OH - L BOH = Z BOm* „ 

Hence, the angle m'OD = the angle BOH; and a* the angles D and II are right angles, the 
triangles m' O D and BOH are similar. 

In the same way it may be shown that the triangles mDO and A O II are similar. 

Consequently, the triangle* m m' O and A O B are similar, and we liave, as before, 

AB:OH Ilmm'jOD; therefore, the distance O D = . 

The horizontal distance OD being found, any other height PQ in the direction of mm' is 
instantly obtained, for when the telescope is directed to P and .Q, the microscope give* pq: then, 
as before shown in the other cases, the triangle* O P Q ami O // 7 may be proved to be similar ; 

then OH : pq i: OD : PQ; therefore, any height as P Q = • 

Principal Parts of the Omnimeter, Fig. 2428. — 1. A powerful telescope cd , oonnccted with 

2. A powerful microscope ah turning on the same axis O. 

3. A scale A B divided into half millimetres, moved by 

4. A micrometer -screw, with 

5. A circular disk e f divided into 500 equal parts; ono turn of this disk mores the scale half a 
millimetre, this is the limit of its range. 

G. A graduated circle g for measuring horizontal angles. 

7. A level, fixed on 6, to adjust the horizontal plane. 

8. A second level A » which can lie ploeed on the telescope c d. 

U. An arc kl for measuring vertical angles, without which the instrument would be incomplete. 

This instrument is portable and easily manipulated ; its ports are readily controlled, adjusted, 
and rectified. Fig. 2428 is of an instrument manufactured by Elliott, Brea., London. 

Accompanying the instrument there is a levelling staff mm*, Figs. 2420, 2430, not divided but 
of an invariable length, which length is defined by two white Bin's or marks on a black ground, 
one at the upper extremity at m, and the other at the lower extremity m\ 

J lode of Operating trith the Omnimeter. — First; place the staff in a vertical position at one ex- 
tremity of the line to be measured, and the instrument properly adjusted at the other end ; care 
must be taken that the micrometer is at zero. 

Secondly ; direct the telescope to coincide with the upper lino of the staff, and clamp it ; then 
looking through the microscope at the scale, which is advanced and the fractional part of a division 
measured by turning tho mierometer-screw ; wc thus place the line of the scale (the microscope 
reverses) between the two horizontal cross-lines of the microscope and ascertain the fractional part 
of tho scale between that lino and the cross-line*. For example, suppose the number on the scale 
minted out by tho microscope to l>e over G7, that is, something more than 67, we affix to the right- 
hand side of this number the value of the fraction which is given by the vernier of tho micrometer ; 
suppose this number to be 203-5 out of the 500 between each of the two oonsecutive divisions of 
the scale, then tho reading would be 67203*5. Should we observe an unnumbered division, we note 
the quantity of the preceding lino and add 500 to tho quantity given by the micrometer-circle, 
because 500 parts of this circle equal half a millimetre. 

Thirdly; a similar operation has to lie performed when tho lower whito line on the staff is 
sighted ; it may be here remarked that it is very essentia] to point with tho telescope and micro- 
scope in the same manner. 

Suppose on a second reading from a second sighting we pass tho unnnmbered division on the 
scale between 66 and 67. and obtain 1*5 from the micrometer-circle, the number 66501 5 = 66000 
+ 500 + 1 • 5 is obtained. 

The operation with the instrument is now completed, and wc are in possession of the required 
data from which distances and altitudes inay bo calculated. 

To determine instances. — Take tho difference of tho two readings, which is 1202, in the present 
example, for 

From 67203*5 

Take 66001*5 

Give* 1202-0 the difference. 

1202-0 represents 0 m *001202 in jinrts of a mfetre. 

For 67203*5 = 0*"* 0672035 
and 66001*5 = 0"‘ *0660015 



0— 0012020 

OH = O’"- 15, by the construction of the instrument. Figs. 2420, 2430. 
rn m' = 10 ft., the invariable length of the staff. 

A B = 0"* 0012020 or 12020, if 0—15 lie put = 1500000. 

Then referring t<» the proportions and Figs. 2420, 2430, wc have tho horizontal distance 



OI> = 



O H x m m' 
AB 



O'* *15 x 10 
0 *" *0012020 



1500000 

12020 



1247*02 B. 



It is evident that 1500000 becomes a constant quantity. 
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It is easily noon that the division* of the scale of the micromotor may bo of any convenient 
corresponding length, as they are only required to represent ratios, auu may represent yards, 
metres, or any other measure. 

The 1 mao line of the instrument O II, measured from the point of rotation of the microaropo, 
pcr|**ndicular to the scale, may lx?» accurately dutermined by carefully measuring a distance from 
the instrument to the staff held in a perpendicular position, or Oil may be found by a mathe- 
matical investigation. In finding the oase line () H, we must be convinced that the optical axos- 
lincs of the microscope and telescope are in the same vertical planes or rather in parnllel vertical 
planes, perpendicular to each other. To effect this adjustment we sight firstly, a staff of 10 ft. ; 
and secondly, of u shorter length, any for example one of 5 ft., at the same distance, and see with 
the acquired data if the base line OH of the instrument remains in each case proportional to the 
distance ; ahottld this not be, the cross-lines of the microscope must be moved by the motion of their 
adjusting acrew. 

Levettiiuj . — The manner of levelling consists in determining the lines A It and B H on tho 
scale of the instrument; tho first being proportional to tho staff, and the other to the altitude or 
the height over or under the level of the instrument. The first of these lines, A B, we find, ns 
before described, by sighting tho staff ; the second, B II, by determining on the scale the point II, 
called the stationary point of the scale, which is given by the optical axis-line of the microscope, 
when the telescope is brought horizontal by means of the level attached to it. The point H, 
marked (8), is constant and serves for all calculations in levelling operations; suppose, for 
example, (8) to be at 500010, on the scale, we then have the line B II by the difference between 
the number B acquired J>y sighting the staff, and the number of tho stationary point II which, 
in the example that we have taken, gives 

600015 

500010 



160005 = B II. 



Then by substituting in the proportion, we have, 



m' D — 



m m' x B II 
AB 



10ft,xlOQ005 = 5 

12020 



The heights are termed positive or negative according as the scale readings arc greater or less 
than tho stationary point. Wo have adopted the following simple tabulated form for noting the 
readings when distances and altitudes are being measured. 



SUIT 10 fL 


Omni meter. 


bevelling. 


Scale. Constant of 

DUUnoc. 


Distance in 
fert. 


Starting- 

point 


Observation*. 

Height in feet. 


Upper line ., 


672085 












15000000 




500010 




+ 1 - I 


Lower lino .. 


GG0015 




660015 




1 




12020 


1247 92 


1 GOODS 




i 




l 








133115 



To avoid dividing the constant dividend, we may construct a small table, from which, by mere* 
inspection, the distances may be taken. • 

Advantage* of the Omnimeter. — First. That, having a constant starting-point for levelling, we 
have nothing further to do with the collimation of the optical axis of the telescope. 

Second. That we are enabled to measure and to level at very 243 | 

long distances on horizontal or nn inclined planes. 

Third. That we have but one and the same unique operation for 
measuring both altitudes and distances. 

Fourth. That the operator, always pointing the telescope on tho 
same two well-defined lines of a staff of a known length, has not the 
same hesitation in reading as with an ordinary levelling staff, with 
which there is an element of guess-work not found in using the staff 
of the omnimeter. 

The length of the bast*, OH, of the instrument, and the position 
of tho neutral point, g or II, on the scale, may l>e determined mathe- 
matically as follows, without resorting to experiments. 

Lot r» = a, Fig. 2431, any distance measured on the scale, subtend- 
ing the known angle A. 

*t = b any convenient distance measured in continuation, subtend- 
ing tho angle B. 

Then put x = the unknown angle O r II, and Z = the nnknowu 
line O t. 

Then we have a \ Z :: sin. A : sin. x; 

and Z I 6 ; : ain. ( A + B + x) x sin. B ; 

.*. a l b : : sin. A sin. ( A + B 4- x) ain. B sin. x 
6 ain. A sin. (A + B + x) = « sin. B sin. x. 
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But sin. (A -f B 4- x) = sin. (A 4- B) cos. x + con. (A + B) sin. jr ; 
6 sin. A [sin. (A 4- B) cot. x + cos. (A 4- B)] = a sin. B ; 



a sin. B 

Bin. (A + B) cot. x = — — r- 
6 sin. A 

a sin. B 

00 ‘ T ~ It »in. A sin. (A -f B) 



— ooa. (A + B); 

- cot. (A + B). 



Honcc x becomes known ; and since sin. (A + B) : (a + b) :: sin. (A -f B 4- x) ! ro, 

(« 4- b) sin. (A 4- B 4- x) . 
ro= — . , . and consequently. 

sin. (A 4- B) * J 



r 0 sin. x = Oil 



(<i -|- *>) sin. (A + B + /) sin. x 
sin. (A + B) 

. ~ (u + 6) sin. (A + B + x) cos. X 

aiul r II = r O cos. »=— 2 ' . , 7 . 

Bin. (A 4- B) 



DISTILLING APPARATUS. Frt., Appareii distiUatoire ; Gmt., Destinations Ajvparat ; Ital,, 
Apparerchia distillatorc ; Sl'A v., Apamto de destihu-ion. 

Distillation is the volatilization of a liquid in a cloeod vessel by heat and its subsequent con- 
densation in a separate vessel by cold. The terra is principally applied to the operation of 
extracting spirit from a sub- 
stance by evaporation and con- 
densation. 

Destructive distillation is the 
distillation of substances at very 
high temperatures, so that the 
ultimate elements are separated 
or evolved in new combinations. 

Dry distillation, the distilla- 
tion of substances by them- 
selves, or without the addition 
of water. 

The apparatus commonly 
used consists of a copper boiler 
H, Fig. 2432, for holding the 
liquid to be distilled; C the 
bend of the still, which is mov- 
able, lifts out at c, and is con- 
nected by D with the worm E. 

The worm is a pewter pipe 
coiled round in a tub F, and 
issuing at G. The steam from 

the holler passing into tho worm . t t , ( ^ 

i- !•- IK.1.-II-. -1 to t hi- liquid ctriti . V--.'* \ ^ s , ! : ? > .‘•/h.'''’ H; I'jH, . ' 

being cooled by the water in 

contact with the wo rm ; this water, becoming heated, posses off through the pipe H, and is replaced 
by cold water which is allowed to enter through I. 

The Distillery of W'. liaefartane, of Glosgotr, is one of the largest distilleries of the kind : it contains 
a jjnnt number of the most modern arrangements, all executed on a very large scale. The produc- 
tion of alcohol, in its abstract scientific principle, is the conversion of the starch contained in flour 
or grain int * grape-sugar, and the subsequent conversion of this sugar into alcohol and carbonic 
acid. The conversion of starch into sugar is a mere change of arrangement of atoms, as far as 
chemistry is able to teach at present, that is, the starch and sugar contain the same elements — 
carbon, hydrogen, and oxygen — in the same percentage and proportion, only differently arranged, 
ns we are not allowed to say crystallized with regard to a substance like starch. The conversion 
of starch into sugar is an effect of simple heat and moisture, and may be brought about in two 
ways. First, the slow action of the process of growth, by bringing the grain into a similar condition 
in which it commences growing in the soil, and checking this growth by drying when the per- 
centage of sugar has arrived at its maximum ; this is the operation of mAlting. Tho quicker pro- 
cess is the mashing of unmolted or raw grain, mixed with a certain proportion of malt, the diastase 
of the latter effecting the necessary conversion of the unmalted grain. In Macfnrlane's distillery 
both processes are in use, and most of the spirits are made from a combination of malted and raw 
grain. The grain, after the process of growing, or the other preliminary operations of this growing 
process, must be dried, and this is effected in the malting kiln. The simplest form of kiln has a 
large floor of perforated bricks or tiles, upon which the malt is spread and exposed to the heated 
air arising from a fire below this floor. The perforated bricks have in more recent time been re- 
placed by cast-iron plates, having a series of narrow slots or perforations for the transmission of 
the heated air. An arrangement of malting kilns in superposed stories or floors is carried out in 
Hacfarlane's distillery, which is very economical in space, and probably also in fuel. There arc 
three superposed floors, each perforated in the usual manner, and fitted in the centre with one or 
two discharging boles. Tho fire is in the ground floor below these kilns, and the fresh malt is 
brought upon the highest level, or top floor, first of all. The heated air, rising through all the 
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kilns, evaporate the gross balk of the water, and, after a number of hours, the grain from the 
npper floor is discharged into the lower one through the central discharging hole, the contents of 
the second kiln being previously discharged into the lowest compartment nearest to the fire, where 
the malt is finally dried and removed ready for use. There are some difficulties in working these 
kilns, arising from the necessity of passing the steam formed by the malt in the lower chambers 
through the grain spread over the upper floors ; but, os a whole, these three-story kilns work very 
well, and save much space as compared with single kilus. An extraordinary drying kiln is that 
used by Macfarlaue for drying the unmalted grain. This is a largo square building, carrying a 
perforated floor about 30 ft. or 40 ft. above the ground, and having no other floors or partitions 
throughout this entire height. Below the perforated floor an open passage is left for heated air, 
which is driven through at high speed by means of a large fan, and ascends through the floor and 
through the grain spread over it. The grain, when dried, is discharged through trap-doors or 
holes in the floor, ana falls into the large space below, when? it is allowed to accumulate up to the 
height of the air-passages, say within a few feet from the drying floor. This enormous store of 
dried grain forms a kind of pressure reservoir, delivering grain in a continuous stream from its 
bottom through tubular passages fitted with Arehimedian screws. This kiln can dry 1200 to 1500 
bolls of grain per day. The fan we understand to be 14 ft. diameter, and the heating of the air 
is effected by its being passed over a series of pipes heated by steam, the air outside and the steam 
inside the pipes moving in opposite directions. One of the most imposing articles in this distillery 
is the vessel in which the malt is mixed with hot water or mosheu. This is a cast-iron cylinder 
30 ft. in diameter and 8 ft. deep to a perforated false bottom, the real bottom being some inches 
below this. In the centre is a column round which a set of mechanical mixers turn and revolve, 
driven by gearing working in a circular rack, which runs all round the circumference of this large 
vessel. The capacity of this vessel is 30,000 gallons, and it is filled with fresh materials every six 
or eight hours. The capacity of this vessel virtually gives the limit of the productive power of 
this establishment, ns all the material converted into spirits there must pass through this apparatus. 
The function of the mashing process is to extract the sugar from the grain by dissolving it in water, 
and to draw off the wort or saccharine liquor ready for fermentation. The liquor, as drawn from 
this vessel, is pumped into fermenting vats made of wood, and hooped with iron. There are 
numerous vessels of this kind in this distillery, each holding from 9000 gallons upwards ; but the 
most remarkable fermenting vats are two vessels of extraordinary size, each capable of holding 
52,000 gallons of liquor. The fermeutation is a process in which no mechanical means are em- 
ployed. The sugar, under the influence of a moderate temperature, and stimulated by the action 
of yeast, decomposes spontaneously, ami, without taking up any other element from either air or 
water, is divided into alcohol and carbonic acid, these two substances, when added together upon 
paper, making up the composition of sugar, although, iu reality, no chemist has ever succeeded in 
producing sugar from these two substances. The wort filled into the fermenting vat yields about 
10 percent, of refined spirits, but for obtaining these latter it is necessary to separate the alcohol 
from the rest of the liquor by means of distillation. This last process effects no chemical change ; 
its rationale is simply to separate the more volatile alcohol from the less volatile liquor in which it 
is contained, by raising the mixture to a temperature which is above the boiling-point of the first, 
and below that of the second substance. Tin* old and primitive mode of operation consists in using 
a large still made of copper, and communicating with a condenser, and heating this still by means 
of the diroot action of a fire maintained below it. The second ami more modern form is to distil 
the alcohol by means of steam, which passes through a series of cellular vessels through which 
the fomented liquor is slowly moving in a continuous stream. The action of this system is con- 
tinuous, and far more under control than the former. Nevertheless, both systems are at present in 
use, and must be simultaneously maintained to meet the demand for different kinds or differently- 
flavoured spirits. The distillation by direct heat produces the Irish whisky, which is without 
doubt the best whisky in the world ; while the other method yields Scotch whisky. The difference 
is very material, as the former spirit contains a series of volatile products besides alcohol, which 
are removed from the product iu the process of distillation by steam. Tho most uote worthy 
amongst these admixtures of Irish whisky is a small percentage of fusel oil, a spirit of similar com- 
position to tlmt of alcohol It is obvious, therefore, that the flavour of some kinds of spirit is 
bought at a high price, as far as their effect ujsra the health of the consumer is concerned. There 
is, however, no marketable spirit entirely free from volatile products different from aleohol, most 
of which are of a less noxious character than fusel oil. A new set of stills for Irish whisky has 
recently been set to work at Macfarlano’s distillery. It consists of three copper stills, delivering 
their products from one to tho other in succession, so as to distil the product three times over. 
The first still, containing the fresh liquor from the fermenting vat, has a capacity of 18,690 gallons ; 
the second still holds 6820 gallons of weak spirits, and the third still has 4620 gallons measure- 
ment. This whole plant is of a very striking appearance, and executed with great nicety of 
workmanship. 

Figs, 24.‘t3 to 2436 are transverse sections of this distillery. 

These illustrations represent a 20-qr. mashing plant, equivalent to the production of about 
2000 gallons of spirits in the usuaI weekly distillery period. It is arranged to work entirely with 
steam, and to have no pumping, except that of the worts, from the underback to the refrigerator. 
In the engravings tho refrigerator is shown over the fermenting backs, but it may be placed with 
equal advantage in proximity to the underback. The oooling floor is not shown, as it is quite 
unnecessary where a Morton refrigerator can be applied. 

Beneath the malt-stores are the steam-engine, steam-boilers, and malt- mil Is. The malt being 
kept under bond, the commencement of a period begins by giving the excise officer notice to grind, 
and tho malt is measured out in his sight into the unground malt hopper. From this it descends 
to be crushed in tho mill e, rising by means of elevators to ground malt hopper <j. For the suko 
of the general reader, we may mention that the grinding is all performed under lock and key (tho 
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miller being locked up in the mill), aud u fresh notice is repaired before the malt can lie used in 
mashing. The mashing process is exactly the same as that performed in breweries: the malt 
fulling from the hopper, meets, in the intermediate masher A with the hot water, and when the 
two hare projierly mingled together they fall into the mash tun /, where they are still further 
amalgamated. The proper heat at which the malt is wetted, and at which the contents of tho 
mash tun stand when finished, furnishes the key to this operation. After resting for a time to 
allow of the conversion of the malt into sugar, the extract is allowed to drain off into the under* 
back A, which, in the plans shown, is intended to act os a jack-hack, and is large enough to allow 
of the worts being declared in it before being pumped to the fermenting backs. It is likewise 

2433. 2434. 





proposed that the sprinkling system, as practised by brewers, be employod to complete the 
extraction of the goods after the first mashing; and this being the case, the sprinkling on of hot 
water over and the draining off the wort from l>elow tho goods would continue until the gravity 
assumed for declaration (generally about 10 '50) was reached. When a sufficient quantity has 
been got off for fermentation, the goods arc mashed uu again, and ro-drnined so long as any extract 
remains. These weak drainings are pumptd into tho spurge-back i (or, as the Excise have it, 
brewing copper), and heated up for use in place of water in the next day’s mnshings. In passing, 
it may bo remnrkcd that the sprinkling system ought to be fully adopted in malt distilleries, as 
with it in declaring at a gravity of 1*050 all extract of any use can be taken off the malt, and 
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sparges, with their very doubtful advantages, done away with, or, at all events, reduced to within 
lower limits than is the ease at present. 

To return to the circle of operations, after declaration of qunntity and strength, the wort is 
pmu|>od to tho refrigerator \ by the wort-purap attached to the steam-engine, and cooled to from 
68° to 7K Fnhr. (according to the size of the trash-book), and run into the wash-bocks m m m, and 
2 per cent., or thereabouts, of yeast added. The fermentation is completed in from 3G to 72 hours, 
all the saccharine matter being converted into alcohol ; and the wort, which stood at a specific 
gravity of 1 '0. r >0, standing as wash at the gravity of water, 1000, or oven under, when the attenua- 
tion has been perfect 

In due course the wash is run into a wash -charger, its attenuation having been declared for 
distillation. From tho wash-charger the wash-still o is charged, and evajiomtion began as soon as 
possible. The evaporated products pass into the worm p, whence, being condensed, they run 
across the still, the house, through tho safe y, into tho low-wine receiver r. From the low-wine 
receiver r the feint-still -< is charged : and the charge, evaporated and condensed in the worm t, is 
run through the safe into tho feints receiver «. From the feints receiver u the spirit-still r is 
charged : and the charge evaporated, and condensed in the worm w, is, like the others, run through 
the safe, and into the spirit receiver y, a marketable article. From y it is again declared as to tho 
strength and quantity, and run into the cellar vats zz, and again racked off into casks for con- 
sumption ami bonded in duty-free warehouses. 

While this is the routine from vessel to vessel between fermenting-back to spirit-store, yet the 
fact is that no two parts of the country pursue exactly the some practice. In the Highlands, 
where high-flavoured whisky is wanted and made, a large portion of tho spirit is taken from the 
low-wines; while in the I /»w lands, where a plain spirit is made, it is taken mostly from the feints. 
The arrangements of this distillery provide for a mixture of clear low-wiues and feints to produce 
the spirit. 

The foul and weak distillates from wash and feints stills are retained in the low-wine receiver 
for further distillation, the clear and strong products only goiug forward to the feints receiver, to 
charge the spirit-still ; the latter still is placed so high that the feints from it gravitate back to 
the feint-still, and are aoeounted for in tho stock at the end of the period. 

The purification of spirit by repented boiling results in the constant decrease of the boiling- 
point, os it increases in purity : and, of course, ns the boiling-point lowers, towards that of pure 
alcohol, or 1 73“ Fnhr., so is tho distiller enabled to separate the distillates coming off at low tem- 
peratures from those which require a higher temperature to cause them to evaporate. 

Inattention to. and ignorance of, the principles involved in the evaporation of tho various sub- 
stances of vegetable origin, mixed up with distilling wash, is the principal eaus* of so much vile- 
flavoured and unwholesome, or, in fact, poisonous material, under the name of spirit, being brought 
into the market. 

instilled Spirits , — The varieties of ardent spirits are obtained from fermented liquids by distil- 
lation, so that they consist essentially of alcohol more or less diluted with water, and flavoured 
either with some of the volatile products of the fermentation, or with some essential oil added for 
the purpose. 

ISnm.it/ is distilled from wine, and coloured to the required extent with burnt sugar (caramel). 
Its flavour is due chiefly to the presence of conanthic ether derived from the wine. The colour of 
genuine pale brandy is due to its having remained so long in the cask ns to have dissolved a 
portion of brown colouring matter from the wood, and is therefore an indication of its age. Hence 
arose the custom of adding caramel, and sometimes infusion of tea, to impart the astringency due 
to the tannin dissolved from the wood by old brandy. 

Whisky is distilled from fermented malt which has been dried over a peat fire, to which the 
characteristic smoky flavour is due. 

( tin is also prepared from fermented malt or other grain, and is flavoured with tho essential oil 
of juniper, derived fmia juniper berries, added during tho distillation. 

Hum is distilled from fermented molasses, and appears to owe its flavour to the presence of 
butyric ether, or of some similar compound. 

Arrack is the spirit obtained from fermented rice. 

Kirtchwaster and maraschino are distilled from cherries and their stones, which have been 
crushed and fermented. 

Some varieties of British brandy and whisky arc distilled fmm fermented potatoes, or from 
a mixture of potatoes and grain, when there distils over, together with ordinary alcohol, 
another spirit belonging to the same class, but distinguished from alcohol by its nauseous 
and irritating odour. This substance, which is known as potato-spirit , amylic alcohol, or /ousel 
oil (Oj«H|,O s ), also occurs, though in very minute quantity, in genuine wine-brandy. The 
manufacturers of spirit from grain and potatoes remove a considerable part of this disagree- 
able ami unwholesome substance by leaving the spirit for some time in contact with wood- 
charcoal. 

Alcohols ami their Deri cat ices. — The alcohols aro all composed of carbon, hydrogen, and 
oxygen; the members of the series represented by common alcohol always contain two equi- 
valents of oxygen, and two more equivalents of hydrogen than of carbon. The number of 
equivalents of carbon and hydrogen is always an oven uumkr, so that the general formula of 
an alcohol of this scries may be written thus, I'vllin + s O s . Thus, in ordinary or vinic alcohol, 
C t ELO-, n — 2; in wood-spirit or methylic alcohol, C ? H 4 0„ n = 1 ; in potato-spirit or amylic 
alcohol, C ln H, r O., n - 

These alcohols constitute, therefore, a truly homologous series, of which many members, how- 
ever, remain to be discovered. 

The following Tabic includes the alcohols of this scries which are at present known ; — 

4 i 
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Chemical Name. 


Source. 


Kqulralrat 

runnula. 


Common Name. 


1. Methyl io alcohol 


Destructive distillation of wood .. 


C,H.O, 


Wood naphtha. 


2. Ethyfta „ 


Vinous fermentation of BUgar 


C, H,o, 


Spirit of wine. 


8. Propylic „ 


Fermentation of grape-husks 


<■„ H.O, 




4. Butyl io 


Fermentation of beet-root 


C. !I„0, 




5. Amylic 


Fermentation of potatoes 




FouhoI oil. 


6. Caproie 


Fermentation of grape-husks 


C„H„0, 




7. (Enanthio 


Distillation of castor-oil with potash .. 






8. Caprylic 


Fermentation of grnpc-husks 






10. Kutic 


Oil of ruo 


(\„H„0, 




12. Laurie 


Whale oil 






16. Cetylic „ 


Spermaceti 




Ethal. 


27. Cerylic 


Chinese wax 


C„H„0, 


Corotine. 


30. Melissic „ 


Beeswax 


QwHftO, 


Meliasine. 



The usual gmdntion in properties attending the gradation in coranositinn among the members 
of a homologous series, is strikingly exemplified in the class of alcohols. The first eight members 
of the group, linked together os they are by an almost common origin (being derived, with one 
exception, from the fermentation of substances nearly allied, and that exception being a product of 
destructive distillation which may be regarded as an accelerated fermentation), ami by u regularly 
ascending composition, would be expected to resemble each other in their properties far more 
closely than the other members of the class. Accordingly we find that mnthylio, ethylie, propylic, 
butylic, amylic, caproie, conantldc, and caprylic alcohols, are all liquid at the ordinary tempera- 
tun-, that they all possess peculiar and powerful odours, ami may bo readily distilled unchanged. 
Among these, however, the gradation is not to bo overlooked. The two first, tnethylic and ethylie 
alcohols, may be mixed with water in all proportions; hut the third, propylic alcohol, though 
freely Bolublu in water, is not so to an unlimited extent ; whilst butylic alcohol is less soluble, ami 
amylic alcohol may lx; said to bo sparingly soluble in water. Caproie alcohol, the next member, is 
insoluble in water ; whilst caprylic is not only insoluble, but possesses an oily character, leaving a 
greasy stain upon paper. 

In their boiling-points, and the specific gravities of their vapours, a similar gradation is 
observed. 



AlooboL 




Vapour Density. 


Bf ethylie 

Ethylie 


o 

149-9 F. 
173 


112 
1 61 


Propylic 


205 


2 02 1 


Butylic 


238 


2*59 


Amylic 


269*8 


3 15 


Caproie 


299-309 


3*53 


CEnanthic 


327-343 




Caprylic j 


356 


4*50 



One equivalent of each of these alcohols yields four volumes of va)>our ; or, in other words, if n 
given weight of the alcohol corresponding to its equivalent number be converted into vapour, that 
vapour will occupy four times as much space os would be occupied by an equivalent of oxygen at 
the same temperature and pressure, or twice the space occupied by an equivalent of hydrogen, or 
of water converted into vapour under the same conditions. 

The higher members of the group of alcohols are solid fusible bodies more nearly approaching 
to waxy or fatty matters in their nature, and not susceptible of distillation without decomposition. 
Far leas is known of these than of the alcohols containing less carl»on. 

Wood charcoal presents features which arrest attention on account of its specific properties, ns of 
the influence exercised by the method adopted for obtaining it, upon its fitness for the particular 

n sise which it may bo destined to serve. 

f a piece of word be heated in an ordinary fire it is speedily consumed, with the exception of 
a grey ash consisting of the incombustible mineral mibstnnccs which it contained; if the experi- 
ment were performed in such a manner that the products of combustion of the wood could be 
collected, these would be found to consist of carlmnic arid and water ; woody fibre is mmjMX'ed of 
carbon, hydrogen, and oxygen (C| t H l# O l# ), and when it is burnt, the oxygen, in conjunction with 
more oxygen derived from the air, converts the carbon and hydrogen into carbonic acid and water. 
But if the wood bo heated in a glass tuts', closed nt one end, it will Ixt found impossible to reduce 
it, as before, to an ash, for a mass of charcoal will remain, having tho same form as that of the 
piece of wood ; in this case, the oxygen of the air not having been allowed free access to the wood, 
no true combustion baa taken place, but the wood lias undergone destructive dint illation, that is, its 
elements have arrang'd themselves, under the influence of the high temperature, into different 
forms of combination, for the most part simpler in their chemical composition than the wood itself, 
and capublc, unlike the wood, of enduring that temperature without decomposition; thus, it is 
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merely an exchange of an unstable for a stable equilibrium of the (articles of matter composing 
the wood. 

The vapours issuing from the mouth of the tube will be found acid to blue litmus paper ; they 
have a peculiar odour, and readily take fire on contact with flame. The chareonl which is left 
is not pure carbon, but contains considerable quantities of oxygen and hydrogen, with a little 
nitrogen, ami the mineral matter or ash of the wood. 

When the charcoal is to be used for fuel, it is generally prepared by a process in which the 
heat developed by the combustion of a portion of the wood is made to effect the charring of the rest. 
With this view the billets of wood are built up into a bean. Fig. 2487, around stakes driven into tho 
ground, a passage being left so that the heap may bo kindled in the centre. This mound of wood, 
which is generally from 30 to 40 ft. in diameter, iB closely covered with turf and sand, except fora 
few inches around the lose, where it is left uncovered, to give vent to the vapour of water expelled 
from the wood in the first stage of the process. When the heap has been kindled in the centre, 
the passage left for this purposo is carefully closed up. After tho combustion lias proceeded for 
some time, and it is judged that the wood is perfectly dried, the open space at the base is also 
closed, and the heap left to smoulder for three or four weeks, when tho wood is perfectly car- 
bonized. Upon an average 22 (arts of charcoal are obtained by this process from 100 of wood. 



*43T. 





A more economical process for preparing charcoal from wood consists in heating it in an iron 
case or slip, F, Fig. 2438, placed in an iron retort A, from which the gases and vapours are con- 
ducted by the pipe L into the furnace B, where they are consumed. 

The infusibility of tho charcoal left by wood accounts for its very great porosity, upon which 
some of its most remarkable ami useful properties depend. The application of charcoal for tho 
purpose of sweetening fish and other food in a state of incipient putrefaction has long been prac- 
tised, and more recently charcoal has been employed for aeotloritiru] all kinds of putrefying and 
offensive animal or vcgetahlo matter. This property of charcoal depends upon its power of 
absorbing into its pores very considerable quantities of tho gooes, especially of those which arc 
easily absorbed by water. 

Dr. Xorvuimly s Marine Aerated Fresh-reater Apparatu*. — Fig. 2439 is a front elevation of tho 
npparatns. 

Fig. 2440 is an end view of the apparatus. 

Fig. 2441 is a back elevation of the apparatus. 

Fig. 2442 is a plan of the apparatus. 

Fig. 2443 is a vertical section of the evaporator, condenser, and refrigerator of the apparatus. 

Fig. 2444 is a sectional plan of the apparatus. 

In all the drawings tho same letters represent the same parts. 

A shows the entrance-pipe for the sea water. When tho apparatus is put on board under tho 
water-line, as is the ease generally with steamers, this pipe is connected to a large cock communi- 
cating with the sea through the sides of the ship. When the apparatus is placed on deck, as is 
generally the case with sailing ships, or on land, thiB pipe is flanged to n much smaller pipe con- 
nected with a pump, by means of which the apfmratus is supplied with water from the sen. In the 
first rase, on opening the large cock to which this pipe is connected, or, in the second case, on 
working the pump, the sea water at once penetrates into the refrigerator B. The pipe A extends, 
as is seen, tho whole length of the refrigerator, merely for the purpose of allowing of the apparatus 
being connected as occasion may require. 

««, Figs. 2441, 2442, and 2444, is a large pipe connecting the refrigerator B with the condenser 
D, so that the sea water entering from tho sea through A (asses through a, and thus fills up the 
condenser D. and through pipe F feeds the evaporator H, by means of pipe G', Fig. 2439, from the 
feod-box G, also Fig. 2439. 

B, box or refrigerator. It is a horizontal cylinder, the construction of which is shown in Figs. 
2443, 2444 ; the sea wat« r being introduced first into this jrefrigerating cylinder, and consequently 
in its coldest state, circulates round a sheaf of pipes kk, Fig. 2443, between the caps CC. Figs. 
2443, 2444, and cools the water which has been condeuBed in the tubes of Die evaporator H and of 
the condenser D. 

C, caps of the refrigerator B, so arranged, as may be seen in Fig. 2443, that bv means of the 
divisions reserved in tho said caps, the condensed water is made to traverse to and fro through the 

4 i 2 
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different rows of pipes kk, Fig. 2443, consecutively. From this refrigerating cylinder B the sen 
water passe* through the pine «, Figs. 2441, 2442, and 2444, into the evnporatnr H. 

I), condenser. It is a cylinder containing another sheaf of pipes m, Fig. 2443, fastened between 
two caps M, Fig. 2443, and into which tubes m the aerated steam from the evaporator H is con- 
densed by the sea water of the said condenser, and surrounding the said pipes m, Fig. 2443. 

E, largo outlet-pipe, which, when the apparatus is put lielow the water-line, as is generally the 
case in steamers, communicates with the sea through the sides of the ship by a large cock. When 
the apparatus is placed on deck, as is generally the case with sailing ships, or on land, this large 
pipe is turned upwards, as represented by the dotted lines, and lengthened, so that tho water 
which is forced through the apparatus by means of tho pump, or otherwise, may be raised a few 
feet above the whole apparatus, so that the level of the tea water may be above the feed-pipe F. 
This tumed-up pipe is connected by means of a flange, or otherwise, to a smaller pi|»e c. Fig. 2441. 
of about the some diameter as that of the suction-pipe of the pump, and a portion of the sea water 
originally pumped or let in is thus returmd to tho aea. This flow should be such that the con- 
denser may remain hot down to the point whence pipe E protrudes. This circulation on Isard 
steamers, or whenever the apparatus is placed below the sea-level, is kept up by the difference of 
temperature of the sea water, which is hotter at E than it is at A. When the apparatus is placed 
on deck or on land, the circulation is of course kept up by the pump. 




e, overflow-pipe for the escape of the excess of sea water, which it is necessary to pump through 
the apparatus when it is placed on deck, or on laud — that is to say, when it is erected higher than 
the natural level of the sea. 

F, feed-pipe inserted into the condenser D. The apparatus being placed below the level of the 
sea, as on board steamers, or below that of the sea water in the large tumed-up pipe in which it is 
forced by a pump, as we have already said in explaining letter E, the water will naturally rise to 
tho top of the condenser, and up the stand nr arch pipe N, up to the level «, Fig. 2443, of tho sea 
water round the ship, or of tho sea water in the turned-up pi|»e Ee, marked in dotted lines; end 
as the steam from the evaporator enters the sheaf of pipes from the condenser I), at the top of the 
said condenser, the temperature them is kept ns high as 206°, and even sometimes 208° Fahr. ; the 
temperature gradually decreasing towards the bottom of the apparatus. This feed-pipe F is pro- 
vided with a cock, which is generally left open w hile the apparatus is at work, and it is through 
it that tho hot water from the top of the condenser is led iuto the priming and feed box G. 

G, priming and feed box. It is a box iuto which any salt which might be mechanically pro- 
jected by ebullition is arrested and carried back again by pipe G' into the evaporator H. * This 
priming l*>x contains a float provided with a valve, and so adjusted that when the evaporator is 
filled with tho proper quantity of sea water, the float, being buoyed up, will close the valve, and 
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thus prevent the flow of any more wit water into it; on the contrary, when the level of the sen 
water in the evaporator, by reason of the water evaporated, or of the brine which flows constantly 
therefrom through cock », becomes reduced below the proper point, the float, sinking in the Ijox. 
opens the valve, and more wilt water is then admitted through the pipe F into the box O, and 
thence through the pipe G' into the evaporator, so as to restore the proper level. This pipe F is 
provided with a cock, which is placed there merely for the purpose of effectually stopping the flow 
of the sea water into the condenser when the apparatus is not at work, and likewise in order that, 
in case the float, or the valve of the float, should l>eeome damaged or out of order, the working of 
the apparatus may continue in a perfect manner, the necessary supply of salt water to l»e admitted 
Into the evaporator befog then remitted by band. The tail of the valve is oovered with a disc 
of vulcanized india-rubber «/, so that on pushing the caoutchouc covering with the finger, the 
operator may bo enabled, at any time, to feel whether the float is acting projierly. 

g is a sheath or tube r _. . ... 
of vulcanized india- : ' 2441 - 



rubber, into which a 
guiding rod attached to 
the lower part of the 
float is lianging freely, 
so that by grasping that 
guiding rod through the 
tube of india-rub1>cr, the 
operator may freelv move 
the float to which it is 
attached up and down, 
or rotatorily, in order to 
uncertain whether it is 
acting properly or not, or 
for the purpose of dis- 
engaging any impurity 
which might have acci- 
dentally lodged between 
the valve and its seat 

H, eva|M>rator or cy- 
linder, containing the 
evaporating tubes and 
the sea water, part of 
which has to be evapo- 
rated. Fig. 2443. This 
cylinder is felted over 
and covered with wood, 
or otherwise, to prevent 
loss of heat by radiation. 

I, stcam-pipo from a 
boiler, leading the steam 
thereof, more or lew 
under pressure, into 
the vertical evaporating 
tube# of the evaporator 
H. 

», brine-cock, which 
is left constantly open to 
a certain extent while 
the apparatus is at work, 
so as to prevent satura- 
tion and incrustation, by 
allowing a constant dis- 
charge of sea w ater. 

J, Fig. 2443. /, Fig. 
2443. 

K, flange uniting the 
refrigerator B with the 
mixing pipe It', into 
which the condensed non- 




ae rated fresh water of the pipe It from the evaporator, and the condensed aerated fresh w ater of the 
pi|>e Q from the condenser are led, so that the mixture of these two fresh waters may be refrige- 
rated. kk, Fig. 2443. 

L, pipe conducting the mixture of sham and air from the evaporator II into the priming and 
feed box G, and thence through pipe L' into the condensing tubes within the condenser D. 

I/, pipe conducting the mixture of steam and air from the priming box G into the tubes within 
the condenser D; the steam having first deposited in the said priming box any salt water which 
might otherwise contaminate it. 



M, Fig. 2443. »«, Fig. 2443. 

N, air-pipe leading the air which separates from the sea water in the condenser D into the 
steam room or chamber of the evaporator H. This air-pipe must, of course, be considerably higher 
than the level of the sea water round the ship, or of the sea water iu the turned-up pipe K, so that 
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the salt water of the condenser may not, nnder any circumstances, be able to pass through it into 
the evaporator, which might be thus overfilled. This aeration is accomplished as follows ; — 

As the steam from the evaporator enters the pipes w ithin the condenser at the top, through the 
pipe L\ it follows that the sea water at the top of the condenser I) is brought, as we have already said 
under letter F, to a temperature which at the top reaches 206° or 208° Falir. ; this temperature 
gradually diminishes from tho ton downwards, so that at a zone corresponding to that of the exit- 
pipe E the temperature is reduced to about 140°. As the air contained naturally in water begins 
to separate therefrom at about 

180°, it follows that the air con- " N 

tained in the condensing sea-water I ■ ■ 171 

between E and the top of the con- II II 

denser is separated ; but when it U U 

has reached the top of tho said 
condenser, it passes through the 

air-pipe N, and is carried by it to M 

tin* evaporator H, where it mixes KTX 3 * Jl t rf 

intimately with the secondary xtU w 

steam there produced by the eva- urirkw i(j [ 7 & J L-r 'f- 

poraUng pipes. This mixture of ' ft J r qN % j— 

air and steam passes then through 
the pipes L aud 1/ into the tula* 

m. Fig. 2448, and tho air is al>- £ £ 

sorbed during the condensation of 1 jrr^i Hrjj-w } 

this secondary steam with which C A m Mil Ijirr'n l 

it was mixed, tho condensed water i J 

so produced being thus super- 

aerated. and subsequently mixed 

through pine Q, in the larger pipe s | 

R', with tne non-nerateu water I I 

rotor B are cooled down to the ** Jj ■ U Q liL 1 " 

temperature of tho sea water out- 
side, and flow at O in the state of 
perfectly cold water, thoroughly 
aerated, but still retaining tho 

bad taste and odour which always } Av > 1 ^ J 1111111 

result from distillation, ami of 
which it is deprived only after it 
has passed through tho filter Y. 

n, level to which tho sea water . M 0 

is rising in the air-pipe. Tho WM rffatd B 11 U WUU ILflkpl 

heightofthisair-pipeuiustalwavfl gJ 

In- considerably greater than the I I p— it^ | r id* 

level of the w*n round the ship, or 1& — ^ ' r 

of the sea water in the turned-up c ‘r ' "" ' — ■ * — ■— l 

pipe E. in order that there should | ’ 4 - — ■ ■■■ - r 

not Is- any chance of the sea water Q Us** — ■ - i t- j j 

passing into tho evaporator J®® ^ — ' )[ 

through the said air-pipe. P'—* ■—■■■ — ■" — 1^“ 

O, exit-pipe, through which 

tho mixed distilled waters, after 3444 . 

being refrigerated, pass into tho n|-. p - — 1 -.pi I r, 

P, framing to which all the , . [! II 

npp«mtn., w lx.lt«l . 0 Hk 

Q, exit-pi po for the condensed ul r li °fo c o oo o o P \\ fW Too o o o\ A A | " 

supcr acrBU-d water from tho con- I I 

denser I), which pipe is connected. \[ It \o o o o oo o c /7f/ I l oooo L‘§ . {IK 

like 1 'il*' H, with a larger tube . !( V y3oWoo/ 0 | / \ Vo' c ! n 

II. in which it logins to mix " qn^o o //l^7Q y\. "o HJr A fl 

with the condensed non-aerated * j ? I \ 9 Y^*"**^' ‘ A P j A 

water from the evaporator H. u V ^ 

It, exit-pipe for the condensed * 11 l • j” ” 1 * fl ■ 

non-aerated water from tho eva- ~ -'v 

pore tor II, which pipe, after lead- 
ing to and issuing from the steam- 

trap U, is connected, like pipe Q, with a larger tube R', in which it begins to mix with the con- 
densed aerated water from the condenser 1). 

R\ larger tube, in which the two kiuds of fresh waters from the evaporator and from the con- 
denser begin to mix. 

8, water-gauge. T, air-cock of the steam-trap U. 

U, steam-trap. It is a box containing a float provided with a plunger, acting in such a way 
that when the box contains only steam, or a quantity of condensed water insufficient to buoy the 
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float, the plunger closes the exit-pipe R ; hut as soon ns condensed water has accumulated in the 
box in sufficient quantity to buoy up the float, the plunger of oourae no longer dose* the exit-pipe* 
R, nnd the condensed water may then escape os fast as it is produced. 

V, cook admitting the condensed nou-acruted water from the steam-trap IT into the larger tube 
R'. This cock is ordinarily left open, and is used only in case the float of the steam-trap sliould 
become out of order, in which case the said float may 1 j© altogether removed by turning the steam 
ofT, and simply unbolting the cover, after which the escnpei of the condensed water is regulated by 
adjusting the cock so that nothing but the condensed water limy flow out; this c<»ek is also made 
use of for the purpose of cleaning the evajmrator, Fig. 2443. 

V, cock for cleaning the inside of the evapornting tubes, or for the purj»ose of obtaining fresh 
boiling hot water, which is done by shutting cock V, and opening cock V\ 

W, breathing pipe, Fig. 2443. It is a pipe one end of which is in communication with the 
lower cap M of the condensing pipes m, and the other end is open to the atmosphere. The object 
of this pipe is not only to remove pressure from the cylinders, but likewise to afford an exit for the 
excess of air generated. 

X X', two cocks placed between the condenser D and the larger tul>e R\ for the purpose of 
obtaining hot fresh water, and likewise for the purpose of cleaning tin? condenser. This is done 
by cutting off the communication between the condenser D and the. said larger tube U'; to do this, 
shut cock X, and open cock X'. 

Y, filter for receiving the condensed water from both pine R of the evaporator and pipe Q of 
the onndcnser, os they issue in a mixed and cold state from the refrigerator at O; the fresh water 
loses its ompyreumntic odour in passing through the filter, and issues at y in the state of perfect 
fresh water, which cannot bo distinguished by flavour from that of the very finest springs. 

Z Z\ two cocks placed between the refrigerator nnd tire filter, for the purpose of cleaning the 
refrigerator, which is done by closing the communication between it nnd the filter ; for this pur- 
pose shut Z nnd open Z'. 

C, caps of the refrigerator already described, C, Fig. 2439, but shown in section. Fig. 2443. 

D, condenser containing the sheaf of pipes m, surrounded by the sea water, which serves to 
condense the aerated steam from the evaporator H, and to produce thn air wherewith that steam is 
aerated. 

II, evaporator. It is a cylinder into which the sea water is allowed to rise so as to cover the 
upper cap J of the evaporating pipes j in that cylinder, and no more, the level being kept at that 
height either by a self-acting float, or by manipulation, as was said in describing (*, Fig. 2443. 

l, steam-pipo from a boiler. This steam-pipe brings steam more or leas under pressure from any 
description of boiler ; it passes through a stuffing box, reserved in tho cover of II, and is connected 
to the upper evaporating cap J of the evaluating tubes j. 

J, cap covering the sheath of tubes j j, in which the steam fmm tho lioilor diffuses itself, and is 
condensed by giving oft* its latent heat to the sea water round the said evaporating tube* ; after 
which it flows os distilled, but non-acrated, water to the inlet K, in one of the caps <3 of the refri- 
gerator B. It must here bo observed that, although the sea water iu II II is at a boiling tempera- 
ture after the first few minutes of tho ap|ieratu* being put into action, yet it will condense the 
steam in the tubes j j j , because that steam, being under pressure, is necessarily of a higher tempe- 
rature than the water in II H, which is not under pressure. Thus, whilst the pressure-steam in 
the tubes j j j is condensed, non-pressure steam is generated from the water iu H H outside of them. 
This latter or secondary steam posses through the tube LI/ to the up|*cr cap M of tho tubes m mm 
in the aerating cylinder D D, where it also is condensed, and jiasses through the lower cap M and 
a pipe Q, Fig. 2439, to tho inlet K, mixing at onco with the distilled water from the boiler through 
the tube R‘, already described. 

k y sheaf of pipes of tho refrigerator B, for the purpose of cooling the condensed water. This 
lias already been described in B and C, Fig. 2431b 

M, cajw covering the end of the sheaf of tubes placed in the condenser D. See the explanation 
given at letter D, Fig. 2439. 

m, sheaf of pipes placed between tho two caps M, for the purpose of condensing the aerated steam 
from the ovatsirator II. 

W, breathing pipe, one end of which communicates with tho lower cap M of the condenser, 
while the other end is open to the atmosphere. This pipe serve* to remove pressure from the 
cylinders, and for the exit of the excess of air. When water or steam issues through that pipe, it 
is a proof either that too much steam is sent in, or that it is at too great a pressure. 

Instructions for Working the Apparatus. — Tho first thing to lie done is to charge the apparatus 
with water. This is dono by establishing a communication betw^-n the external sea water and 
the apparatus. If the latter is placed below the level of the sea, this is easily done by turning on 
the cocks of the large tubes A and K, and the cock F of the feed-pipe, whereupon the salt water 
fills Loth the^ refrigerator B and the condenser D to a certain distance » of the air-pipe cor- 
responding with the level of the sea. It then passes through the feed-cock F, thence through the 
feed-box G, down through tho pipe G', into the evaporator H, up to a line standing at about the 
middle of the glass gauge 8, where it is maintained at a uniform level by the float within the feed- 
box G ; the float being then buoyed up, closes, by means of the valve attached to it, the aj»erture 
of tho feed-pipe F, immediately above the float, whereby all further supply of salt water is shut off 
until such time ns by subsequent evaluation, or discharge of tho brine in the evaporator, the level 
of the water in the evnporator H, and consequently in the feed-box G, will have been lowered, 
whereupon the float in (*, sinking, will allow a fresh quantity of salt water to flow in until the 
proper level is restored. The feed-cock F should always be left wide open, except on an emer- 
gency ; that is to say. except the valve or the float iu the priming and feed box G should become 
damaged or out of order, in whicli case the supply of salt water to the apparatus would have to be 
regulated by hand with that cock. 
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The apparatus being charged with wilt water, os just said, the boiler being ready to furnish the 
necessary steam, and admitting. of coone, that the steam-pipe I is in communication with the said 
boiler, the next thing to be done is to open the steam-cock of that pipe, I, and at the same time 
shutting enek Z, and o|iening cock Z', at the extremity of the refrigerator, and opening likewise 
entirely at first the cork T of tin* steam-trap IJ. On opening this small cock T of the sttum-trnp 
U, nothing but air will at first rush out, but as soon as steam issues from it, it should be almost 
closed, leaving only room for the smallest possible wreath of steam slowly to issue from it. As soon 
as the steam-cock of pipe 1 is open, the steam will rush through that pipe into the sheaf of pipes 
of the evaporator, in which it will he condensed bv the salt water which surrounds them, and flow 
in the state of condensed non-aerated water through the pipe B, through tin- steam-trap U, through 
the continuation of pipe R, and out through cock Z'. If the apparatus has been left without work- 
ing for some time, the condensed water issuing at cock Z r will have a rusty colour, wherefore it 
should lie left running until it flows out clear at Z\ in order not to foul the filter, which would be 
the case if that rusty water were allowed to tlow into it. As soon, however, as the condensed water 
flows <»ut in a clear state at Z', shut off this cock Z'. and open cock Z, so that it may paws into the filter. 

But the heat of the steatn in the sheaf of pipes j. within the evaporator, soon brings the sea 
water round them to the boiling-point, and converts it into steam. As soon, therefore, as the sen 
water in the evaporator begins to boil, which may to known by a slight motion of the water in the 
water-gauge S, or by the pipe* L and L* of the feed and priming box G, and, of course, this box 
itself becoming hot, open the feed-cock of pipe F full (unless, of course, the float in the box G 
should he out of order, in which case the cook of the feed-pipe F must 1** regulated so as to supply 
water to the proper level in the condenser, w hich is indicated by the glass gauge 8), shut the cock 
X of i)i|>e Q at the top of the condenser, and open the cock X' of that same pipe: whereupon the 
secondary steam from flu* evaporator passes through pipe L, through the priming tox G, in which 
any salt water with which the said strain may bo mixed is deposited and returned through pipe G’ 
to the evaporator whence it came, w hile the pure strain continues its course through pipe 1/ into the 
sheaf of pipes m immersed in the salt water contained in the condenser D. and being condensed in 
the said pijtcft, flows out, in the state of aerated fresh water, through the cook X', ns long as it has a 
rusty colour, which will lie only for about a minute. As soon as the water flows out clear and sweet 
from that cock X', shut the latter and open cock X, so that the super-aerated fresh water may now 
mix with the non-aerated fresh water in pij** R‘, and flow with it through the refrigerator, and 
thence into the filter, the whole issuing then from the filter in the state of perfect fresh water. If 
the apparatus be placed on dock, or on land — that is to say, above the natural level of the sea — it 
may be charged either by working the pump or by pouring water into the turned-up pipe K until 
the glass gauge indicates that the proper quantity of water has been introduced. The subsequent 
pumping must be regulated so that the condenser D remains hot down to E, and cold from K down- 
wards. When the evaporator begins to give oft' steam, open also the brine-cock *, but only to such 
an extent as to permit a quantity of brine to bo constantly flowing out, equal to about one-fourth 
part of the whole of the fresh water produced. 

Attention to this is absolutely necessary, for if too much brine be allowed to run out, the appa- 
mtus will not produce its proper quantity of fresh water; for since every portion of brim- which 
flows out is replaced by a corresponding quantity of new sea-water through the feed-enck F, feed- 
box G, ami pipe G', it is clear that the proportion of new sin-w ater thus admitted into the evapo- 
iwtor G by an extravagant outflow of brine might be so considerable as actually to stop all cvuj«o- 
ration in the evaporator. On the other hand, if the brine-cock be not sufficiently open, the flow of 
brine toing less than is proper, the sea w ater in the evaporator would eventually liecnrae so concen- 
trated that a deposit or incrustation of salt would be formed. If, however, the operator take care 
to adjust the brine-cock so that the flow of the brine is at the rate indicated (atout one-fourth of 
the whole fresh water produced), there will be no chance of slopping the evaporation, uor danger 
of incrustation. 

When tin* ojx-mtor wishes to discontinue the distillation, all he bus to do is to turn off the steam 
from the boiler, and to shut both the brine-cock i and feed-cock F. 

To Work the Ajtparatvs. — 1st. Open the steam-cock from the toiler to pipe I. 

2nd. Open the cock Z', and shut the cock Z of the refrigerator, and as soon as the condensed 
water flows clear and sweet from pipe Z', shut the latter, and open Z, that the clear fresh water 
may flow into the filter. 

3rd. As soon os steam begins to to given off by the evaporator, which is known by pipes L and 
1/ and the feed-box G becoming hot, opou the feed-cock of pipe F and the cock .V. shutting at the 
Mime time X, and as soon as the fresh water flows clear and sweet at X'. shut the latter and open 
X, so that the clear fresh water may flow through the refrigerator and thence into the filter. 

-1th. Open the brine-cock », so as to let the brine flow out in the projortion of about one-fourth 
part of the whole of the fresh water produced. 

7b Stop the Working of the Apparatus. — Shut off the steam-cock I. Shut off the brine-coc.k i. 
Shut off the feed-cock F. 

Sjiet'ial Instructions. — Look occasionally at the w ater-gauge, in on! or to see that the proper level 
is kept up in the evaporator. If it to observed that the level is too low in the glass, the feed-cock 
being open all the time, it is a sign that too much steam has !>een turned iu from the boiler, and 
therefore the steam-cock from the boiler to pijx* I should to less open. 

Look occasionally at the brine-cock i, to see that it is discharging the proper quantity of brine. 
It will be advisable also now and then to open the said brine-cock full for a few seconds, in order 
to discharge any rusty or muddy deposit which might otherwise stop it; and for this reason, nnee 
every month or so, it should to left quite open, in order to empty the evaporator completely, so 
that any rust nr deposit may to expelled. Of course, when the brine-cock is full open for the pur- 
pose of emptying the evaporator, the feed-cock F should to kept closed. 

The operator will perceive that a piece of vulcanized india-rubber >j contains a metallic rod 
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inside, which metallic roil is connected with the float iii the feed-box G. The use of this india- 
rubber tub* is to enable him. by grasping the said rod through this india-rubber tube, to move the 
float up and down ill the said feed-box, should he wish at any time to ascertain that it (and the 
valve attached to it) is acting properly. Should it become necessary to remove the flout, it is 
easily done by unbolting the cover of the feed-box G, and the flanges of the feed-cock F, connected 
therewith. The apparatus may then 1>e worked without the float by replacing the cover and regu- 
lating by hand the flow of sea water through the feed-pipe F. 

The feed-cock F should be left full open when at work, since the supply of the am water to 
the evaporator is perfectly regulated by the float ball and valve in the box G ; it is only in ease of 
emergency -that is to say, in case of the valve leaking or getting out of order from some accidental 
obstruction or otherwise— tliat the supply of water to the evujjorator muy be regulated by hand 
with the said cock until such time as will permit the operator to remove such obstruction, should 
any, porad venture, take place. Thu feed-cock is therefore put there merely as an extra measure of 
precaution. 

The small cock T of the steam-trap D should be left very slightly open, so that an exceedingly 
small wreath of steam may lx? Been issuing from it. This is for the purpose of letting nut any air 
which might otherwise accumulate then-in ami interfere with the proper action of the float in the 
said steam-trap. It may also bo open for a few seconds now and then— say two or three times u 
day — in order to see that it is clear. 

If water should rndlt out in any quantity on opening the small cock T of the steam-trap U, it 
is a sign that the float is waterlogged or otherwise out of order; the remedy is to examine and 
repair it if wanted, or if possible, and if uot. to remove it altogether, and regulate by means of the 
cock V of pipe R. so that as little steam as possible should pass through it. and so that only the 
water condensed in the evnporator may flow out. If, in case it has been found necessary to remove 
the float of the st(*nin-trap. the condensed water should accumulate in the said steam-trap, w hich is 
known by o|K>ning the cock T in the cover thereof (in which case water instead of stcniu will rush 
out from the said cock T). it will be sufficient to open the cock V of pipe U for a few moments, 
whercujion the accumulated condensed water will puss into the refrigerator. In fact, the apparatus 
cun work very well without the float in the priming box G, and without the float in tlm steam-trap 
U. either or both; hut with them the apparatus works automatically, and without them the oj ora- 
tor has to see that the feed -cock F is open only to the prvqier degree, or he must keep it shut alto- 
gether, ami open it from time to time, so as to feed intermittently— say every half hour — to admit 
a new quantity of sea water into the evaporator. For emptying completely the condenser and 
refrigerator, unbolt the flange at either end of A. The evu|»orutor may, of course, bo completely 
emptied by opening the brine-cock i full. 

t'huptin’s Apparatus . — A distilling apparatus constructed by Alexander Chaplin, of Glasgow-, for 
obtaining a supply of pure, fresh, aerated water from sen water, or from other water containing 
impurities, is shown in Fig. 2H5. The apparatus, which is of simple construction, is almost self- 
acting, and is adapted for use cither on 
shipboard or on shore. It consists of a 
boiler, from which a steam-pi |»c is led to a 
coil of pipes placed in a shallow wooden 
tank, which is kept filled with salt water, 
the boiler being fell from the tank by feed 
arrangement. The steam from the steam- 
pipe of the boiler is discharged into the 
condensing tubes in the form of a jet, an 
opening Wing left around the jet nozzle, 
through which air is drawn in by the action 
of the steam. This arrangement, by mixing 
the steam with nir, is found to effectually 
aerate the distilled water. The distilled 
water in the condensing coils runs down, 
as it is formed, into a filter, and thence 
into a store tank la-low. 

The feed apparatus, which is arranged 
on a well-known plan, consists merely of a 
chain Wr communicating at the top and 
bottom w ith the boiler, by means of pipes 
furnished with cocks, and also connected by 
another pi|»e, provided with a cork, with 
the tank containing the water employed for 
effecting condensation. In order to feed the 
boiler, the communications between the 
latter ami the feed-chamber are closed, and 
the latter is then filled w ith water from the 
tank, this water Wing, of course, more or 
less hi-atcd by the steam iff the coils of 
pipes. The communication between the 
tank and chnmWr is thru dosed, and the latter placed in communication with the Wiler by open- 
ing the cocks on the connectiug pipes, when the water in the chamber flows into the boiler by the 
action of gravity. 

The method of working this apparatus is ns follows ; — The tank or condenser should bo filled 
by the hand-pump with sea or other water, and the boiler should be also filled up to half-glass, the 
water supply Wing afterwords regulated by the feed apparatus. The fire in the Wiler may then 
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be lighted. Coal, wood, peat, or mineral-oil fuel may be used, the latter being preferred when it 
is desired to make the apparatus us nearly as j>os»iblo self-acting. In this rase* a special combus- 
tion cone is provided, the oil flowing over this cone, which must be first heated, so that the oil will 
ignite upon it. < bmbustion is then forced by the passage of air upwards through numerous small 
holes formed in the cone, ami the flames are thus thrown against the sides of the fire-lmx. The 
steam being got up to, say 5-lb. pressure to the square inch, tin; main steam-pipe may be opened 
into the aerating pipe or cup, and thus a mixture of steam nud air will be discharged into the con- 
denser. 'The water in the took becomes heated before it |»asses into the steam-boiler, and the whole • 
of the sea water pumped up to the tank is gradually evaporated and converted into fresh aerated 
water fit for use, except a small portion lost by waste aud in blowing off the boiler to prevent the 
incrustation of salt. 

DIVIDING MACHINE. Fa., Machine a diviscr ; Gkh., Theilmaechine ; Ital., Macchina da 
divider* ; SPAN., Mdquiwi de dividir. 

See Hand-Tools. Macuink-Toolh. 

DIVING. Fn., Floiujer; Ger., Tauchen ; Ital., Lavoroda marangoni; Span., Buceo. 

Ik* fore men are detailed for diving, they should be examined as to their fitness by a medical 
officer. If this U» impracticable, it is useful to know that men coming under any of the following 
classifications should not be employed; — 

1. Men with short necks, full blooded, and florid complex ioned. 

2. Men who suffer much from headache, are slightly deaf, or liaTC recently had a running from 
the ear. 

3. Men who have at any time Bpat or coughed up blood. 

4 . Men who have been subj«>ct to palpitation of the heart. 

5. Men who uro very pale, whose lips are more blue than red ; who ore subject to cold hands 
and feet ; men who have what is oommouly called a languid circulation. 

6. Men who have bloodshot eyes and a high colour on the cheeks, caused by the interlacement 
of numerous small but distinct blood-vessels. 

7. Men who are hard drinkers and who have suffered severely and repeatedly from venereal, or 
who have had rheumatism or sunstroke. 

The air-pump employed until lately was a three-throw force-pump, but in 1808 a double-action 
two-cylinder pump was tried and found to answer well ; its sole advantage over tho other is that 
it can supply air to two divers working independently, at different levels, each diver being in 
direct connection with one of the cylinders. When work has to be carried on in water upwards 
of 90 ft. deep, only one diver should be sumdied with air frmn the pump. The pump, Fig. 2440, 
is securely fitted into a strong wooden case, Fig. 2147, and is worked by means of two winch-handles 




and a fly-wheel. These latter an* taken off for transport, when the ends of the erauk-axle are 
protected by nipples screwed on to tho pump-caw. Inside the pump-case is a l*ox for small eton»s. 
The pumps are capable of compressing air up to 240 lbs. on the square inch, and are provided with 
a pressure-gauge, the dial-indicator of which shows the depth and the corresponding pressure ; the 
cylinders are kept cool by water in a copjx*r cistern round them. Before the pump is moved about 
after use, the water from the cistern should be drawn off by unscrewing the nut under the plate 
marked water. Olive oil must be used for the pistons, admitting it by means of the small cock in 
the cylinder cover. When putting tho pump together, the different parts must be arranged accord- 
ing to their mnrks. Tho lxittom valves cun be examined by unscrewing the plate at the bottom of 
the case, aud tho top ones by unscrewing the cylinder cover, taking it off with the piston. If the 
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pump works heavily after lying by, warm water poured into the copper vessel round the cylinders 
will soften the oil round the pistons and make them work easily. 

The air-pipes aro in lengths of 45 ft., and are made either of india-niblx*r covered with canvas 
with a copper spiral wire inside, or elso of vulcanized india-rubber with u galvanized iron spiral 
wire. As the former requires a long time to dry, the latter is probably the heat for general pur- 
poses. The internal diameter of the pipes is $ of an inch, and they are fitted together by means 
of gun-metal union joints. If two men aro to bo supplied with air from one nuinn, the nwvssnry 
length of air-pi|>c must bo fitted to the nozzle of the air-delivery pipe of each cylinder. If only 
one man is to go down, the air-delivery piped of the two cylinders must be connected by the double 
connection, aud the air-pipe •crowed on to its nozzle. 

The diving dress is made of solid sheet india-rubl>er, covered on both sides with canvas : it has 
a double collar, the inner one to pull up round the neck, and the outer one of vulcanized india- 
rubber to go over the hroast-plate aud form a water-tight joint. The cuffs are also of vulcanized 
india-rubber, and fit tightly round the wrists, making, when secured by the wristbands, a water- 
tight joint, and at the same time leaving the diver’s hands free. 

The wristbands ure of vulcanized india-rubber, with tape at their cuds. 

The breast-plate made of tinned copper has a valve V, Figs. 2450, 2451, in front, by which the 
diver can regulate the pressure of air inside his dress and helmet. When the handle of the valve- 
cook is vertical the valve is shut, when it is across the breast-plate the valve is open. The outer 
edge 11 of tl»»! breast-plate is of brass, and has twolvo screws B, C, securely fitted to it at intervals, 
anil projecting upwards, which jmss through corresponding holes in the outer collar C of the dross, 
and upon which the four pieces of the breast-plate fund aro secured by thumb-screws. The nock of 
the broast-plato is fitted with a segmental Bcrew bayonet joint. The breast-plate has two studs in 
front, to which the front aud bark weights are attached. 

The helmet. Figs. 244U to 2451, of tinned copper, has a segmental bayonet screw F, F, F, at the 
neck, corresponding to that of the breast-plate A, which enables the helmet to bo removed from the 




breast-plate by J of a turn. It has throe bull’s-eyes of plate glass M, M, at the front and sides, 
protected by brass guards P ; the front bull’s-eye can be unscrewed. An outlet-valve is provided 
ut the l>ack of the helmet which is beyond the diver’s control. An elbow-tube W is securely fitted 
on to the helmet, to which the uir-pi|>e Q is attached ; in this tuls» is a valve W opening inwards, 
so that the nir can enter, but in case of a break in the air-pipe cannot esca]>o. There is a brass 
stud on <«ch side of the helmet, that on the left to attach the air-pipe to, aud that on the right for 
the life-line, Fig. 2448. 

The front and back weights aro of lend, heart-shaped, ami weigh about 40 lbs. each; they have 
gun-mctal clips to fasten on to the studs on the breast-plate, and the back weight has a lashing 
attached to it, Fig. 2448. 

The boots are of stout leather with leaden soles, ami are secured over the instep by a couple of 
buckles and straps; each boot should weigh at least 15 Hm. 

The iron ladder is provided with stays to bear against the Hide of the boat from which the diving 
is carried on, but a G-ft. length of scaling ladder will nnswer tho purpose. Hope ladders, wider than 
the ordinary miner's rope ladder, nro provided ; they have thimbles at each end, so as to be more 
readily attached to the bottom of the iron ladder ami to the ladder- weights ; the ladder-weights are 
merely 5G-lb. weights, provided with movable handles of round iron, which, are passed through 
the thimbles at the ends of tho rope ladders aud secured by linch-pius. 

The crinoline should 1 k> used in deep water, and at any time at the diver’s option ; it is placed 
round the body and tied in front of the stomach, being supported by the braces; it affords protec- 
tion to the stomach and enables him to breathe more Iroely. 

Tho caff -expanders are of galvanized iron, and are intended to enable tho diver’s hands to be got 
in aud out of tho cuffs ; the scoop part of each should be placed inside the cuff, and tho cuff opened 
by drawing the handles apart. 

The ladder having been fixed, the position of tho pump should lx? decided on, and it should be 
securely lashed by means of the ropes attached to the handles down to the stage, into which the 
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screv-eyes M, 31, Fig. 2430, should be fastened if necessary ; the pump should lx* placed out of the 
way of the divers and clear of the men attending on them, and of all the men employed. The lx*st 
position for the pump is facing the head of the ladder, and about 6 ft. from it, over the centre row 
of barrels, if the diving be carried on from a raft. 

While the diver is dressing, the pump should lx* prepared for use. the winch-handles should bo 
taken out of the pmnp-caae, the nipples protecting the crank -axles removed, the nuts being replaced 
on their screws. The nuts for the ends of the crank-axles an* taken off, the fly-wheel placed on the 
long arm, and the winch-handles put on and secured by the nuts which are screwed home with the 
spanner. The pump is always worked in its cose. 

The flap covering the pressure-gauge and that at the hack of the pump-case should be ojxnied, 
the screw on the overflow-nozzle of the cistern removed, and the cistern filled with water ; the caps 
of the air-delivery pipes should be removed, the necessary lengths of air-pipe should be put together 
carefully with washers in place, and all the screws must be worked home by mentis of the tuo 
double-ended spanners. The air-pines should be tested by holding the palm of the hand to the 
end of the pipe, till the pressure shown on the pressure-gauge is considerably above that corre- 
sponding to the depth the diver is to descend. 

The iliver having taken off his own clothes, puts on a guernsey, a pair of drawers very carefully 
adjusted outside the guernsey, and securely fastened by the tajx.* round the waist to prevent them 
from slipping down, and then a pair of inside stockings. If the water be cold, the diver may put 
on two or more of each of the alx>vc articles. He then puts on the crinoline and woollen cap, 
drawing the latter well over his ears; some divers find relief from putting cotton saturated with 
oil in their ears. 

The shoulder pad is then put on and tied under the diver’s arms. He then gets into the diving 
dreg*, which in cold weather should be slightly wanned, drawing it well up to his waist : he next 
puts his arms into the sleeves, an assistant opening the (ruffs by means of the cuff-ex panders, or by 
inserting the flr*»t and second fingers of bc4h hand.*, taking care to keep his fingers straight. The 
diver by pushing forces his hand through the cuff. He puts on a pair of outside stockings ntul a 
canvas overall to preserve the dress from injury. 

Tin? diver then sits down, and the inner collar of the dress is drawn well up and tied round the 
neck with a piece of spun yarn, and the breast-plate put on, great care being taken that the india- 
rubber of the outer collar is not torn in putting it over the projecting screws of the breast-plate. 
The four pieces of the breast-plate band, which with the thumb-screws had been previously placed 
for safety in one of the boots, arc then put over the outer collar, and secured to the projecting screws 
by means of the thumb-screws ; the centre screw of each plate should be tightened first. It will 
generally be sufficient if the thumb-screw lx* screwed up hand-tight, the spauner being only used 
when necessary. The canvas overall is now adjusted and the boots are put on. 

The wristbands are (msaed tightly several times round the cuffs and their tape crols tied, and 
the sleeves of the overall are drawn down to cover them. If gloves are to l*e used, the wristbands 
will be put on over them ns well as the cuffs. The helmet ( without the front bull’s-eye) is then 
put on ; a loop of the life-line is placed round the diver’s waist, the line brought up in front of the 
man’s body, and secured w ith a piece of small ro|** pacing round his neck, or to the stud on the 
helmet. The wuint-lxlt is buckled on with the knife on the left side, the cud of the air-pipe being 
passed from the front, through the ring on the belt on the man’s left, and up to the inlet -valve on 
the helmet to w hich it is secured ; the upper part of the pipe is then made fast by a lashing to the 
stud on the left of the helmet. The diver then steps on the ladder, and two men are told off to 
maw the pump. 

The weights are then put on, the back weight first, the elijw being placed over the studs on the 
breast -plate, and the clip-lashings over the hooks on the helmet. The front weight is then put on, 
and the two are secured to the diver’s body by means of the lashing from the back weight, which 
is passed round the waist, through the thimble beneath the front weight, and tied to the other end 
of the lashing at the hock weight. Fig. 2448. 

When the signalman is sure that all is right, and that the diver understands nil the signala, he 
gives the word J ump and screws the centre bull’s-eye into the helmet securely ; this done, he takes 
hold of the life-line and pats the top of the helmet, which is the signal for the diver to descend. 

With inexperienced men, it is advisable to have n rope ladder down to the bottom, but an expert 
diver prefers simply a roixj ; they both must be weighted at the bottom. 

Each diver while under water requires a signalman to hold his life-line, and an assistant to hold 
his air-pipe, both of which should lx- kept just taut, clear of the gunwale, so that any movement of 
the diver may be felt. While the diver is under water no talking or laughing is to be permitted. 

The diver should descend slowly, halting for a few minutes after his head is under water, to 
satisfy himself that everything is correct, and then continue the descent; if he feels oppressed or 
experiences any humming noise in his ear. he should rise a yard or two, and swallow his saliva 
several times ; he must not continue to descend unless he feels comfortable. If oppression, singing 
in the ears, or headache continue, he must not persevere, but return slowly to the surface. To dive 
to great depths, such as 100 or 150 ft., require* men of great practice, ami able to sustain the con- 
sequent enormous pressure. 

On arriving Ht the bottom, the diver will give one pull on the life-line to notify that he is all 
right. In returning from great depths the diver should ascend very slowly, and thus avoid the 
effects of itassing too abruptly from considerable pressure to that of the open air; if he stops now 
and then he gets gradually and regularly accustomed to the chango. The ascent from a depth of 
20 fathoms should occupy from 20 to 40 minutes. It is more important to move slowly in rising 
than in descending. 

The diver takes down with him tho ladder-line, which he secures to the foot of the ladder or 
rope by which he has descended; this line should lie coiled up in his hand with a loop round his 
wrist, and as he leaves the ludder he let* the line gradually uncoil, so that if he lx* at any distance 
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off ho can find his way hack to the ladder when ho wants to return. While at the bottom he 
should never lot go the laddordine ; if by any accident he does so and cannot find tko ladder, he 
most make the signal to be hauled up. 

The diver should generally walk backwards; if ho meets anything he must turn round and 
feel : this precaution is necessary, an by running against iron spikes, Ac., tko bull's-eyes may Ik? 
broken ; he must return to the ladder by the way he come, otherwise he may get his pipe or life- 
line entangled. 

When two divers arc down they must be careful not to cross each other's paths, and thus get 
their life-line* and air-pipe* foul. 

The signalman is the res]ion»ihlo person, and must bo very vigilant all the time the diver is 
down ; occasionally he will give one pull on the life-line, and the diver should return the signal by 
one pull signifying all right: if the signal I*) not returned the diver must Is- hauled up. but if the 
diver wishes to work w ithout lading interrupted by signal, ho gives one pull on the line, indepen- 
dently, for all right, let me alone. If the sigimlmau feels any irregular jerks, such ns might bo 
occasional by the diver falling into a bole, he should signal to know if he i* all right, ami if he 
does not receive any reply, he should haul hint up immediately. If the diver from any cause is 
unable to asceud the ladder and wishes to be pulled up, he gives four sharp pulls on the life-line. 
If while being hauled up the diver give* one poll it signifies all right, don’t haul me any more. 
The diver should be hauled up slowly and steadily. If the signalman wishes the diver to come to 
the surface, he gives four sharp pulls on the line, on which the diver should answer all right, 
return to the foot of the ladder, and signal to be hauled up. 

One pull on the air-pipe signifies that the diver wants more air. Tiro pulls on the life-line and 
fwo pulls on the air-pipe iu rapid succession, signify that the diver is foul and cannot release him- 
self and require* the help of another diver; on receiving such a signal no attempt should be made 
to haul the diver to the surface. 

The above signals are to be invariably used by the Royal Engineers ; other signals may lx* 
arranged os is most convenient for any particular work, as a great variety can be made with the 
life-line and air-pipe. The diver can communicate with the surface by means of a slate. 

When the diver comes up, the front bull's-eye should be removed immediately be gets to the 
surface; if he is going down again within a quarter of an hour, he can have the wristbands removed, 
the weight taken off his body, by leaning forward, and resting the front weight on the gunwale ; if 
he is to cease work the front ami back weights must be removed Iveforo he leaves the ladder : it is 
advisable to detach the air-pipe from the helmet next. The diver must then be assisted into the 
boat, the attendants lifting his legs in one after the other. He can then sit down and have the 
helmet removed, also the waist-belt, life-line, ami boots ; next the overall and the outside stockings. 
The breast-plate band should then l»o removed, the thumb-screws at the junctions <«f the breast- 
plate bands being unsere wed first. The Ijands being removed, the outer collar should be token off 
with care so as not to tear it in getting it over the screws. The breast-plate is then removed, the 
dress pulled down, the cuff-expanders or finger* being used to enable the diver to withdraw hi* 
hands from the cuffs. The shoulder pad ami crinoline and other clothe* can then be taken ofl". 

After the day’s work is over the joints of the air-pipes must bo carefully cleaned, and the pipe* 
coiled away in the helmet-chest. The diving drew should be cleaned, and if wet inside turned 
inside out and hungup in the shade to dry ; the dresses if used in salt water should be washed at 
least once a week in clean fresh water. The under-clothing must be kept dry and aired. 

When in store, the pump, Ac., must be kept clean and free from verdigris, the clothing occa- 
sionally aired, the tools oiled, Ac. When wanted for use after lying by for some time, the pump 
should be taken to piece* by a good fitter, and examined to see that it is in proper working order. 
The helmet-valves should 1*> unscrewed and examined to see that the valve i* nee ftma verdigris, 
but slightly greased with tallow to prevent leakage; the spring should be good, of greater or less 
strength according to the depth of water. All the scrcwB of the helmet, breast-plate, air-pipes, Ac., 
must be kept free from verdigris ami dean, but wiped with an oily mg. When a piston works 
loose, the screw at the top must bo turned a little with a spanner. 

The number of men required for a diving party is, — 

With two With one 

divers down. diver down. 



In charge .. 1 .... 1 

For life-linca 2 .. .. 1 

For air-pipes .2 .... 1 

For pumps 2 .. .. 2 

Diver* 2 .... 1 



1 non -commissioned officer and 8 1 and 5 

The above is exclusive of men to haul up. Ac., according to the nature of the work being carried on. 
For instruction, a class may consist of from five to ten men. 

If the diving is simply for the recovery of a lost article, the raft should be moored up stream 
about 10 or 15 ft. from tlie supposed place of the article; a weight with a ladder-line attnehed 
should he sunk about 10 or 15 ft. down stream from the place: the diver should take the other end 
of this ladder-line down with him. and when at the bottom haul it taut and fasten it to his ladder. 
He then uses the ladder-line as a guide, and searches the ground on both sides of it; if unsuc- 
cessful ho shifts the jtosition of the weight, keeping the ladder-lino taut all the time, and so 
continue*. 

An equipment consists of the following packages; taken from T. L. Gallwey’s Instructions in 
Military Engineering; — 
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Description of Articled. 


Wright of each. 


Total Weight. 1 




cwt 


qra 


lh*. 


ox. 


cwt 


qr*- 


lb«. 


ox. I 


1 pump, in case, complete 


2 


3 


17 


0 


2 


3 


17 


0 


1 by-wheel 


0 


3 


24 


HI 


0 


3 


24 


H| 


1 box, for oil, &c 


0 


3 


9 


0 


0 


3 


9 


0 


1 iron Udder 


0 


2 


20 


0 


0 


2 


20 


0 


5 rope Udders 


0 


1 


8 


0 


1 


2 


12 


0 


2 hand-over-hand mpes 


0 


0 


21 


0 


0 


1 


14 


0 


2 coils 1-in. ami 2-in. rope, spare 


0 


3 


3 


0 


1 


2 


6 


0 


2 Udder-weights 


0 


2 


0 


0 


1 


0 


0 


0 


2 clothea-chests, complete 


1 


3 


26 


fii 


3 


3 


24 


in 


2 helmet-cheat*, complete 


1 


2 


23 


15} 


3 


1 


19 


Hi 


Total 


10 


3 


13 




17 


1 


1 


10} | 



The contents of the several clients lire given below 



Naim* of Store*. 

Case, pump, with lock and key 

Containing — 

Grange, pressure, fixed to pump-case 
Lashings, spliced to handles, each 8 ft. .. 
Pump, air, diving, fixed to pump-casc 

Cramp, screw, for fly-wheel 

Handles, winch, for pump 

Nipples, crank, fixed to case for transport 
Spanner, hox, for nuts in pump-case 

Can, oil, feeding 

Box, wood, for small stores, fitted into 

pump-case 

Containing — 

Cap, brass, for air-delivery pipe (spare) 
Connection, double, for use with a single 

diver 

Gimlet, spike, *}-in 

Joints, union, double, 1 male and 1 female 
„ „ single, „ „ 

Nozzle, overflow (gun-metal) 

Nut for securing pump-handles (spare) 
Screw-drivers, 1 6-in. and 1 2|-in. 
Screw-eyes, for securing pump-ease to 

stage 

Spanners, double-ended 

„ M‘ Mahon’s, 9-in. 

Washer-cutter, for washers of air-pipes 

Box, tin, for valves, &e 

Containing— 

Valve, piston (spare) 

Valves, bottom, spring (spare) .. 
Washers, leather, for joints of air-pipes 



(spare) 

Wheel, fly, for pump 

Box, oil, with lock and key 

Containing — 

Cotton, waste lhe. 

Oil, olive, best, for pumps, in tin can, gals. 
Oil, neats-foot, for leather „ „ 

Ladder, iron 

„ rope, diving 20-ft pieces 

Weights, ladder, 56-lb 



Chest, clothes, with lock and key 

Containing — 

Belt, waist, for knife 

Boots, diving, with leaden soles .. pair 



No. 

1 j 



1 1 
4 
1 

2 

2 

1 

1 



6 

3 

3 

1 

5 

2 

1 

1 

1 I 



Name* of Store*. 

Drawers, woollen pairs 

Dresses, waterproof diving 

Kxpandcra, cuff 

Gloves, waterproof pair 

Guernseys .. 



Knives, diving 

Line, ladder, 1-in. rope .. 60 ft. 



Overall, canvas 

Sheath for sjiare knife 

Stockings, outside, grey .. .. pairs 

Weight, lead, front 



„ „ hack, with lashing attached 

Wristbands, 4 on dresses and 4 *|*nre pairs 
Materials — 

Canvas, prepared, for repairing diving 



dresses yards 

Com po>it ion for dresses in lb. tins 



Chest, helmet podded at the bottom, with 

lock and key 

Containing — 

Bull’s-eye, front, frame and gloss complete 

(■pare) 

Caps, woollen 

Crinoline 

Glosses for bull's-eye, front (spare) .. 

„ ,, oval (sjtare) .. 

Helmet and brcost-plnte complete, with 
breast-plate band (in 4 pieces), 12 
thumb-screws, and front bull’s-eye 

rails for helmet 

Pipes, air, spiral wire, with union joints, in 

lengths of 45 ft 

Stockings, inside, white .. .. pairs 

Box, tin, for helmet Btores 

Containing— 

Screws, for breast-plate 

Spanner „ screws 
„ nuts of oval eye-glass 
Springs, inlet, small, for helmet (spare) 
„ outlet, largo „ „ 

Thumb-screws for breast-plate „ 

Washer, leather, for bull’s-eye 

„ ,, neck ring „ 



4 

2 

2 

1 

4 

3 

2 

1 

3 

1 

1 

2 

1 

1 

8 



3 

2 

1 



1 

o 

T 

2 

2 



1 

2 

3 

4 
1 

G 

1 

2 

3 

12 

1 

1 



See J. W. Heinke, On Diving Dresses and Apparatus for Working under Water, Trans. Inst. 
C. K . 1856. 

About the year 1825, C. A. Deane bx>k out a patent for an apparatus to recover property from 
houses on fire. As this did not meet with support from the fire-insurance offices, C. A. Deane 
turned his attention to diving; and, in conjunction with his brother, J. Deane, tried some experi- 
ments on the Croydon Canal, with a canvas helmet and an ordinary pair of forge-bellows. These 
experiments proved so far successful as to satisfy them that diving was practicable, with proper 
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means to supply the diver with air. Accordingly, they had an air-pump and helmet constructed, 
but ns they an not fully MHV« the purjxwe, M earn. Deane applied to A. Siebe, who, in 1830, 
made others, which proved satisfactory. The helmet was wlmt was termed an open one. Tin* air 
entered by an elbow at the back, and was conducted, by means of the tills** a, Fig. 2452, to the 
diver’s face, no that he at once inhnlcd the fresh air, and at the same time the breath was pre- 
vented from condensing on the glasses. The foul air escaped from underneath the jacket attached 
to the helmet, on the same principle as the air escaped from a diving bell. 

With this apparatus, Messrs. Den no undertook ami executed several important diving operations. 
Amongst other experiments that were tried was the introduction, in 1832. of n valve in the front of 
the collar of the helmet, by which the diver could regulate 
the exit of the foul air at pleasure. When the valve was 
closed the air was retaiued, the tlress expanded, and the 
diver rose to the surface. After several careful trials, 

Messrs. Deane came, however, to the conclusion that the 
diver was safer with the air-pipe and signal-line in the care 
of an attendant, who could haul him up at a moment's 
notice; since, with the valve above alluded to, the diver was 
liable to get hurt, by rising up under the vessel or boat, or by 
becoming entangled with the rigging of the wreck, or por- 
tions of the works upon which tho operations were conducted. 

For these reasons the use of tho valve was discontinued. 

As diving came iuto more general use, several accidents 
happened through inexperienced divers not keeping them- 
selves in a proper position when using the open helmet. 

In consequence of this, A. Siebe, in 1837, introduced tho 
close helmet, and at the same time G. Edwards proposed 
one nearly similar. Although personally acquainted with 
each other, it was not until both had perfected tho idea 
that they found they had been working to attain the same 
object. It must not be forgotten that divers owe much to 
the skill and ingenuity of Samson Barnett. 

The close helmet, os represented in Fig. 2452, consisted 
of a front gloss 6, which could be unscrewed to enable the diver to take refreshment, or to give 
orders, without removing any other |K>rtion of tho dress. The dress was fastened to the helmet by 
means of the flanges c pressed together with screws and wing-nuts. The air entered at the back, 
as in an open helmet. There was an entrance-valve d screwed on the elbow; this allowed tho 
air to enter the helmet, but prevented its return. If the pipe should burst, the diver had plenty 
of time to come to the surface. The outlet-valve e allowed tho foul air to escape, and prevented 
the entrance of the water. The valve-spindle was immediately closed on the least stoppage of the 
supply of air by means of a spiral spring, os well ns by the pressure of the water. The valve 
being slightly loaded prevented the pressure of the water acting cm the body of tho diver, in con- 
sequence of the internal pressure being greater than the external. 

DIVING BELL. Fa., Cloche dc plongeur ; Geb., Taucherglocke ; Ital., Campana da nuirangoni ; 
Span., Campana dc fntzo. 

\V. Forsyth, in the T. I. C. E., Ireland, says that tho best contrivance of this kind is tho bell 
generally attributed to Smeaton, and improved by Rennie. Various modifications have been intro- 
duced by others, and different sizes have been tried, some larger and some smaller than Ronnie’s; 
but, for the general purposes of hydraulic architecture, this bell has maintained its superiority, and 
is in general use while tho others are abandoned. It is, however, not without its defects; and 
these defects are severely felt by those engaged in particular branches of these ojsmtions. The 
most prominent aro the following ; — Its great weight, and the being compelled to use one uniform 
weight for all depths and purposes coming within the range of its operations. 

In constructing the submarine foundations of piers, and so on, at a great depth, this weight is 
absolutely necessary; it has even been found that the mechanical contrivances used for managing 
the bell have but little command over it, from its buoyancy at such depths. The great weight 
being in tho substance of the bell itself, gives it greater compactness than if the weights were 
foreign to its own substance, and merely attached to give it preponderance. 

It has also been found that building under water to seaward, even at small depths, weight, 
strength, and compactness are highly imcessary, ns tho agitation of the sea drive* the bell abooft 
with dangerous force, notwithstanding its weight; and the shocks it has to sustain, when driven 
against stones, might displace attached weights, and destroy a weaker machine. 

These arc facts which have been proved by exjieriencc, and they are of iiuj>ortance to those 
concerned in hydraulic operations of this kind. But in sheltered harbours, lakes, and rivers, 
where tho depth is often small and the water still, the bell is not exposed to a force that would 
displace it, derange any of its attachments, or endnnger its structure. And there are many opera- 
tions, such a« blasting rocks, making excavations, lifting stones, and so on, where it would be of 
great advnutage to possess a light machine, which could be easily transported from place to place, 
and even taken asunder to facilitate its transport, and which would require little time or s kill to 
rig it up; and besides dispensing with much of the gigantic machinery by which diving Ik- 11* are 
now worked, to be able to regulate the preponderating weight according to the depth at which the 
operations are being carried on. 

Bells constructed of timber have been used, even for building purposes, with considerable suc- 
cess ; and for lifting guns, anchors, merchandise, and soon, from wrecks or places where they have 
been lost overboard, a bell constructed of timber, and jointed with canvas, so as to fold up, has 
been used. There is nothing to prevent such machines being used, as the pressure which they 
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have to resist is seldom more than 3 or I lbs. the square inch; but they are so fragile that their 
use could only lx* te»i|x»rary at Wat. 

The extensive application of shoot iron, especially to hydraulic purposes, at once points it out 
as tho most durable and economical material that can be employed, and as jwtssosHing all the pro- 
perties n«*cessary for constructing a light |*>rtnble bell, capable of being loaded to an extent to suit 
any depth of water. 

The size of the diving bell for general purposes ought to lx? the same as Bennie's bell ; the size 
of this bell is 0 ft. I in. long, 3 ft. 10 in. wide, and 5 ft. -I in. high, internal dimensions. To add 
to its dimensions in any way would )*c to add to tins weight necessary to sink it ; and although 
this weight would lx? neutralized by the included atmospheric air when immersed, yet the whole 
weight would have to bo borne when the hell was lifted out of the water, or else the weights 
removed when it came over water; cither of these would be attended- with cost and inconve- 
nience. Jumper* of any length can be used in Bennie's bell. It is only necessary to have them 
in suites, increasing in length in a certain ratio, so that they can follow each other. If the hole 
to be bored lx* a vertical one, when it is put down so far as to make it necessary to introduce a 
longer jumper than can be turned within the bell when set on the bottom, then oil that has to bo 
done is to have the bell hove up to a sufficient height to allow the jumper to lx? introduced, and 
lowered down again. If the hole be horizontal or inclined— what is technically called a lifting 
shot— then, instead of the boll being raised, it has to lx? moved to one side, the long jumper intro- 
duced, and tho bell then returned to the former position. There are many of these little contriv- 
ances known to the workmen practised in this kind of work, which enable them to surmount many 
seeming difficulties. 

For blasting rock in depths under 10 ft., much time and expense would lx? saved by the follow- 
ing plan. Let tho workmen in the diving bell select n proper place for the proposed shot, and 
enter n hole, say 12 in., then jumpers of sufficient length could Is’ introduced to enable the hole to 
lx* completed to any required depth from a flat— similar to the boring flats used on the Shannon— 
or from a raft or scaffold. When the hole is completed to the required depth, the charge can lx? 
put in and stemmed by the workman in 
the diving bell; and ns it is seldom that 
less than 3 yds. of fuze are used for tho 
safety of the workmen, the end can be 
brought to the top of the water and fired. 

If this plan bo followed, about oue-half 
of the usual cost of boring under water 
would be saved, as the divers would have 
little more than a fourth of the work to do. 

The numerous attendants on the bell, and 
the necessary slowness, in comparison to 
working on a lighter or raft, will warrant 
these statements. It* the rock be of such 
a kind that horizontal or inclined holes nro 
necessary, this plan cannot l»e followed, but 
a hole inclined 50 or GO degrees may lx? 
bored in this way. 

To make the internal economy of tho 
diving Ixdl intelligible, a section of ltennie’s 
bell is given, Fig. 2153. 

A, is a foot-board which is movable, and 
seldom used, except when descending and 
ascending. B B, two seat-boards ; these are 
also movable, being inserted between raised 
Haunch brackets, cast on the aido of the 
bell. C, a timber rail, wedged between tho 
ends of the bell, and placed in tho angle 
which the top and sides make; there is one 
on each side. Malleable iron h<x>ks aro 
driven into these rails, from which the tools 
are suspended, namely : — two setting bars, 
a shovel, one or two boring hammers, a 
3-ft. rotl, several chains, and the signal 
hammer. These are the t<x>ls always neces- 
sary, excepting the shovel. For occasional 

work, such ns lx>ring, there are jumpers and *454. 

tamper* of various sizes; but these, and 
heavy chains and hammers, are left lying 
at the bottom when not being used or un- 
dergoing repair. D, are the inside coupled 
chains; these are also made so as to be de- 
tached with ease. E, the air-valve attached 
to a brass grating of the form shown. Fig. 

2454, which is secured to the top of the 
hell by screw tops. The valve is simply a disc of strong leather, held in its place by the screw- 
taps which fix the brass grating to the top of the hell. F, the coupling chain, by which stones and 
other weights are lifted. (4, the line at which the water usually stands on the inside of the bell, 
when the air-hose is in good order. II, the tetris. I, stone suspended by the lewis and chains. Tho 
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use of the greater part of these ia obvious. The use of the internal coupled chains will also be 
understood by the manner in which the atone is represented, os suspended, in the sketch. 

If we suppose, for illustration, a stone to be lowered down ; the bell ia then brought over it, and 
made to rest slightly on the atone to steady it. The chains by which the stone was lowered down 
are then detached ; the lowis having been inserted into the atone before it was lowered, is attached 
to the inside coupled chains in the following manner ; — the ettnin F, which forms an indispensable 
item in the furniture of the bell, has a hook at each end, one much stronger tlrnn tho otner: the 
strong hook lays hold of tho ring which couples the two inside chains I). The other end of the 
coupling chain is run through the ring of the lewis, and either hooked into the ring beside the large 
hook, or, wlint is more common, four large links are made on tho end of the coupling chain F next 
the largo hook, and into one of these the small hook is hooked, suiting the length to the proper 
distance between the bottom of the hell and tho stone when snspendod. When this is done, the 
bell is then hove up, and as the stone is attached to tho boll by the chains F and D, the stone is 
also hove up, and, when high enough, carried away in obedience to the signals. 

When tho bell is prejiared f«*r l«nring. every implement that can bo dispensed with is removed 
to make room. One or both of the seat-board* are taken out to make seats <»n the rock, or scaffolds 
In stand on. If tho hole bo a horizontal or inclined one, it is necessary that the bell bo so far raised 
as to allow the jumper to be put out under the end of the hell ; then the footdioard and seat-lmard* 
are made into a scaffold by suiqtendiiig them from the hooks in the timber rail, by lanyards or 
gaskets. When tho hole is bored, the bag or cartridge is introduced, and tamped in the ordinary 
way, only clay will not answer, it becomes too soft with the water — soft burnt brick must be used. 
About 3 yds. of fuze being left attached Ut the Img, the sent-lskurds and foot-board* are replaced, 
tho end of tho fuze is kept in the I tell, which is now removed os fur as tlie length of tho fuze will 
permit. The fire is then applied, and 
the bell removed farther — about 5 or 
<> yds. in all— from tho shot. This is 
quite for enough for safety, as no frag- 
ments will bo aide to force their way 
through the water to do any injury. 

Forsyth designed a sheet-iron diving 
lad!, represented Figs. 2155 to 2457. It 
is made the same as Bennie's bell in 
size, although a smaller bell might be 
occasionally used with great advantage. 

The plates are | or ^ of an inch thick, 

6 ft. 6 in. long by about 2 ft. 3 in. 
broad. These plates should be placed 
in the manner Bhown on tho drawings 
— that is, the seams or joints of tho 
sides and ends to be vortical, and the 
lower ends of tho plates turned up no 
us to form a receptacle for the ballast 
weight. As the length turned up will 
not give sufficient depth to this recep- 
tacle — or what may be called pocket— 

Forsyth proposed that a plate be joined 
horizon tally, or its length parallel to 
tho bottom of the bell, and continued 
quite round, forming a continuous baud 
to give strength to tho pockets at the 
corners, where the plate* are necessarily 

3457. 





cut to allow them to bo turned up at tho bottom. Forsyth designed tho pockets to be 20 in. or 
more deep. If 5 ft. 4 in., tho height of tho bell, be taken from ft., and 7 in. for the semi-cylin- 
drical bottom of the pocket from tho difference, there will remain only 7 in. of tho side and cud 
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plntea to bo turned upwards for the outside of the pockets, it will therefore require a plate 16 in. 
or more brood, allowing for the seam, to make the pocket of the proposed depth, not taking the 
semi-cylindrical bottom into account. Instead of piecing each turned-up plate with 16 in. in 
length, Forsyth took four plates, about 6 ft. long each, ami 16 in. broad, which, when joint'd together 
by riveted seams, will make a continuous band entirely round ; anti this band is joined to the 
turned-up ends of the vertical plates by a riveted seam. 

To this continuous horizontal plate arc attached knee-plate stays, 4 in. broad and 1 in. thick. 
These stays are riveted to the sides and cuds of the bell, throe on each side and two on each end. 
The top of the boll is attached to tho sides and ends by angle-iron, such as is used in the construc- 
tion of steam-boilers. The corners of tho bell form a portion of a cylinder — 6 in. radius— to facili- 
tate the bending of the plates, and avoid straining them ; this will also assist the bending of tho 
angle-iron round the corners and ends of the bell. The cylindrical corners of the bell make it 
neoeasMy that about 12 in. in breadth be cut out of the middle of the plate, from the line which 
terminates the vertical part of the plate forming the body of the bell to the end of the plate. When 
tho portions of the plate remaining after this piece is cut out, are bent upwards, the ope must 1 m* 
covered with a piece of plate forged to the proper figure. The cutting and forging of the comers 
of the pockets will leave them weaker, and therefore it is desirable to have the continuous band to 
strengthen them. • 

The top of the bell is formed of two pieces of plate of unequal breadth, to avoid having the 
riveted seam in any of tho perforations. A Imr of iron is placed on tho top and extending its 
whole length, except where the air-hose is attached to the top of the hell, and turning down on inch 
end. Tho general dimensions of this bar are 2 in. square, and thinned towards the inverted ends; 
and having two ped<*tnl -formed |w»rtx, as shown, to receive tho shackle- bolts of the coupled chains 
by which the bell is suspended. These shackles, bolts, chains, and ring, to l*e the same as those 
of the bell now in ordinary use. A similar bar is on the inside of the bell-top, but shorter, not 
having its ends Inverted. These lwirs are to l>e attached to each other and to the bell-top by four 
rivets of 1J in. round iron riveted hot ; and the two inverted ends of the top bar to be secured to 
the ends of the bell by one rivet each. To the inside bars the coupled chains for lifting weights 
are attached by shackles and bolts. The screw-joint for receiving the end of the air-hose, and tho 
valve on the inside of the bell, to be of the same materials ami construction jus tho bell already 
refer ml to. The perforations for the lights to be 5 in. in diameter, the lenses 7 in. in diameter, 
and 2 in. thick in the middle. The lenses to bo secured with glands, hemp, and luting of red or 
whit** lend, and fastened to the top of the Ml with screw-taps. The numtier of lights to bo eight, 
the usual number is ten. Tho ixwitinn of the two deficient ones is occupied by tho bar above 
described. This bar was considered necessary to prevent straining the angle-iron, by which the 
top of the bell is attached to its sides and ends: and |»erhnpH it may l>e advisable to have two other 
bars placid at right angles to this one, proceeding from tho ptdc stal parts, and turning down tho 
sides of the Ml and riveted in tho mnuner before described. These bun* are not shown on the 
figures. 

The air-pump and air hose or pipe to lx* the same ns Ihose in general use. 

The ballast to lie of cast iron, moulded of such hIiu|h» as will fit the [lockets, and provided with 
handles sunk below the surface. 

On an emergency, or where it might not 1x3 convenient or advisable to transport the ballast, 
malleable iron bars of suitable lengths, and any scantling, may be used, so that they stow into the 
pockets and fill them. 

If the weight of the Ml, about 32 cwt., be found too great for transport, it may bo made in two 
divisions — we line r, d, on Figs. 2455, 2457 — and joined together by a series of sorew-Mta instead 
of rivets, and having a band of hemp or canvas luted with red-lead interposed Mwcen the ports 
to make the joint air-tight. It is, however, evident that this ought to he avoided if possible. 

DOCK, Fr v Jlattia de construction ; Gfk., Werftdocke; iTAI.., liacino ; BPAN ^ iHqut. 

A dock is an artificial enclosure in connection with a harbour or river, used for tho reception of 
vessels, and provid<d with gates for keeping in or shutting out the tide. 

A dry dock is a dock from which the water may be shut or pumped, so as to have a ship dry for 
ih*j>cction or rejiairs : railed also a gracing dock. 

Floating dock, a structure, cither water-tight or provided with water-tight tanks, for receiving 
vessels and raising them out of water by its buoyancy, when the water is pumped out of it, or out 
of the tanks, or the tanks are lowered by machinery ; ralhd also sectional dock. 

Naval dock , a dock connected w ith which are naval stores, materials, and all conveniences for 
the construction and repairs of ships. 

Srrctr dock , a dock in which a frame for the reception of vessels is raised or lowered by screws 
niid other machinery. 

MW dock, a dock whore the water is shut in, and kept at a given level, to facilitate the loading 
and unloading of ships; a bnsin. 

The Victoria Jhtcb are situated near Blackwall, Loudon, and occupy an area, inclusive of the 
entrance lock ami eastern channel, of nearly 100 acre* of water, or of 200 acres of land and water. 
Fig. 2458 gives the position and shows the plan of these docks. The water area comprises the 
entrance lock from the Thames, with two pairs of gates, leading by a channel into the tidal basin 
of 16 acres, which is separated from the main dork of 74 acres by a dumb jetty, but communicating 
with it by a single pair of gates, and terminating, at present, with a cut or channel at the eastern 
extremity. In general terms the basin and dock together (exclusive of the eastern cut) are 
4050 ft. in length Mid 1050 ft. in w idth nt the level of high-water mark. In addition to the dumb 
or separating jetty, then? are four other jetties projecting into the dock from the north Ride, each 
581 ft. long ami 140 ft. wide, which are placed 430 ft. apart, except the most easterly one, which 
has an inter*[>nco of 550 ft. The jetties, with the Bides of the dock and of the Imsin. provide 
a length available for quay room of nearly 3 miles. The surface of the marsh, which is nearly 
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level. Lb about 8 ft. 6 in. below Trinity high-water mark, and, previous to the construction of tho 
docks, it was drained by open ditches carried by moans of culvorts with trapped outlets through 
the ancient river bank into tho Thames. This bank, which protects the lands from the tidal water 
of the river, is maintained at a height of 5 ft. above Trinity high water, and this is tho level 
adopted for tho top of the copings of tho entrance and entrance-lock walls. 




It may be well, while speaking of tho Trinity high-water mark (a convenient datum to which 
to refer depths), to state that tho imttom of each of the two docks is 24 ft. below this standard, the 
depth of the dimmed leading to the lock from the basin is 25 ft. 8 in., on the sill of the u|>js*r gates 
25 ft. 6 in., and in the lock itself and on the lower-gate sill 28 ft., a depth which is maintained 
through the entrance into tho river. As tho mean fall of tide is 18 ft., there is, therefore, on tho 
lower-gate sill a depth of 10 ft., and on the upjier-gnto sill a depth of 7 ft. 0 in., at Trinity low- 
water mark. 

The subsoil, beneath a layer of about 12 in. of topsoil, may bo briefly dcscritxxl to consist of 
various thicknesses of yellow and blue clays, averaging together 5 or 6 ft. in depth, then a stratum 
of peat, of no economical value, varying from 5 ft. to 12 ft. in thickness, and beneath this a bed of 
gravel, overlying the Ijondon clay. At the entrance, the upper c lay-beds were from 8 to 9 ft. thick, 
the neat about the same, and the gravel 10 ft. thick near the lower-gate platform : but in tho 
middle of the iock-clmml**r the gravel diminished in thickness to 7 ft., increasing again to 8 ft. At 
the upiier-gate platform. Honco tho solid clay sulwtratum was found, throughout the length of 
tho lock, at a nearly uniform depth of 37 ft. below Trinity high-water mark, aud on this founda- 
tion, at a depth of 37 ft. G in., the brickwork of the upper and lower gate platforms was laid. 

Entnmcc and Entrance Lock . — Proceeding somewhat more in detail, it will be seen from the 
plan. Figs. 2458, 2459, that the channel, which on leaving the tidal basin is 15G ft. wide, contracts 
ns it approaches the hick at the swing bridge, after passing which the side walls throughout the 
lock and entrance, are constructed of cast-iron piling and plates, barked with concrete, but inter- 
rupted in two places, for the brickwork of the gnteo. The piling has a batter of 2 in. in a foot, 
and where it commences the width between the copings is 91 ft., which continues for a length of 
rather more than 100 ft. Tho brickwork of the upper-gate platform then begins, and occupies a 
length of 83 ft. 3 in., the side walls being hero vertical and 80 ft. apart: then the lock- 
c handier, Fig. 24(50, with concrete walls and cast-iron piles, as before, for a length of 25G ft. 10 in.; 
then the lower-gate platform 73 ft. 3 in. in length, giving a lock-chamber 80 ft. wide at the bottom, 
326 ft. G in. long from gate to gate, Fig. 24G5, and with a depth of water of 10 ft. on the sill at low 
water. Beyond this point the piled and concrete side walls recommence, running parallel for a 
leugth of 85 ft., and then widening out, for a farther distance of nearly 200 ft., in a trapezoidal 
form, the base, or greatest opening, being 385 ft., and the unequally-inclined sides lieing respec- 
tively 297 ft. and 160 ft. iu leugth, the longer one lieing that next to tho Bow Creek. 

The cast-iron piling and concrete wall are very similar to those already successfully employed 
in tho construction of the Brunswick Wharf, Blnckwall, and at Fleetwood iiarbour. The cast-iron 
piling is formed in bays, which ore 7 ft. 1 in. from centre to centre of tho main piles, the inter- 
vening space being filled, for a distance of 15 ft. from the top, by three cast-iren plates, retained 
laterally by tho edges of the' main piles which stand in front of them, tho lower |mrt Imnoath the 
plates being made up with four cast-iron sheet-piles, on the top of which the bottom plate rests, its 
lower edge lieing furnished with a rebate or fillet which hides the joints and maintains the piles 
in their jmsition. The main piles are each in two lengths; the lower one, which is 25 ft. long and 
18 in. wide on tho face, is provided with two vertical flanges, or feathers behind, 8 in. deep and 
12 in. apart, the metal being almut 2 in. thick; and the upper one, which in 12 ft. 8 in. long and 
18 in. wide, has a section similar in form, but somewhat lighter in substance: it is placed on the 
former, and is secured by bolts passing through it and fish-pieces cast on tho iipjicr length for the 
purpose, proper chipping pieces being provided to ensure accurate fitting. The sheet-piles, which 
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aro each in one length of 20 ft., arc of somewhat similar form ; but it will bo unnecessary to go 
into a more minute description of them, as the particulars are fully given in Figs. 24436 to 2468. 
The thr. . top plates aro each 5 ft. 11 in. wide and 5 ft. deep. They aro furnished with the neces- 
sary back feathers to give them strength, the upper one being so arranged as to carry the front 
edge of the stone coping of the wharf, which is 18 in. in thickness. In the rear of each main pile, 
anil at a distance of 18 ft. from it, a timber land-tie 20 ft. long is driven to the samo depth as 
the cast • iron piling. 

Through the head of 
this two wrought - iron 
tie-rods, 2 in. in dia- 
meter, are passed, and 
secured by means of 
washer-plates and nuts; 
the lower one is con- 
nected with the upper 
end of the lower length 
of the main pile by 
means of an eye-bolt, and 
the upper one is attached 
to the upper main pile, 
at a distance of 8 ft. 
above the former, and in 
a similar manner. 

In the |mrt between 
the lock nnd tidal basin, 
the channel wns exca- z 

vated to a depth of 27 ft. 2 

8 in. below Trinity high- J 

water mark, to receive a 
thickness of 2 ft. of clay 
puddle. The main piles “ 

were driven 5 ft. into the 2 

gravel, the sheet-piles x 

entering 2 ft. 6 in. into it. 5 

Tho eoncrcto wall was ® 

carried to the bottom of 
the clay puddle ; nnd the g j> 
whole space at the back, 3 
between the concrete 
wall and the land-tics, 
was filled in with gravel, 
well rammed. In the 
lock-chamber, the gravel 
in tho bottom w as taken 
out, down to the clay, 
except a portion on each 
side, into which the piles 
were driven, and on 
which concrete was laid 
in front, forming a too 
to tho wall, and sloping 
down towards the centre. 

Fig. 2463, and the whole 
intervening sjiaco was 
filled with clay puddle 
to the proper level. 

Beyond tho lower- 
gate platform tho con- 
crete walls were carried, 
for the full thickness, t«* 
the back of the land-tio 
piles, and on a level with 
the top of them, or nliout 
15 ft. below Trinity high- 
water mark. The walls 
were then reduced in 
thickness to about 10 ft , 
and were carried up verti- 
cally at the hack, giving, 
in con>*?«picncc of tho batter of the front piles, a thickness of C ft. at tho top, ns in the other cases. 
The wharf wall is finished off at the top in the front by a stone copiug 18 in. thick and 3 ft. 
on the bed. 



The concrete was comjtoscd of dean gravel, containing two-thirds coarse and one-third .-harp 
grit, nnd Hailing lime in the pro|mrtinn of six to one. The lime was not ground, but used hot, 
aud the concrete was found to set very liord. 
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Upper ami I.wrr (late Platform *.— It I mu licet i 
already stated that tho I ./union clay was found ut 
uhntit 37 ft. below 'IVinity high-water mark. In 
consequence of a good, and at the mine time an 
impervious, foundation occurring at a convenient 
depth, an invert was dispensed with, anti ordinary 
brickwork in level courses w«a employed, Pigs. 
2402, 24G4. Arena 120 ft. wido and 83 ft 3 in. 
long for the upper platform, and 120 ft. wide and 
73 ft. 3 in. long for the lower platform, were laid 
l«are down to the London clay, and round inch of 
them a single row of elm sheet-piles, 10 ft. in length 
and 8 in, tldek, waa driven clone, to a depth of 
0 or 7 ft., into the solid clay, the licnda being 
levelled and secured l>y waling*; ami within the 
8|wco* ao enclosed the brickwork of tho platfomia 
was laid. The thickness of tbia brickwork in tho 
case of the lower gates waa 8 ft 0 in., reckoning to 
tho under-aide of the ahutting sill, over that por- 
tion of the area traversed by the gntea and included 
between them when open ; while tho rest waa 
carried up a foot higher, or 9 ft. 6 in. to the top of 
the ahutting sill. The Kill of the upper gate* being 
2 ft. 6 in. higher than tho lower sill, the thickness 
of the brickwork is here reduced to 6 ft. 8 in. nml 
7 ft. G in. in aituatinus corresponding to tlmse 
previously described { but ab the clay is found 
hero at the name level as at the lower platform, the 
additional depth of 4 ft. G in. is made up with 
concrete. It will be seen that the sufficiency of 
this mode of construction is mainly dependent upon 
the means and care taken to prevent the water from 
getting to tho under-sido of the brickwork, and 
blowing it up by its lifting power. The weight of 
the brickwork is wholly inadequate to resist the 
lifting power of the water. For example, in the 
caao of tho lower-gate platform, with the water 
standing outside at tho level of ordinary Trinity 
high water, the pressure of the water on the under 
surface of the brickwork, if it had access there, 
would be more than 2300 lbs. a square foot, while 
tho weight of the brickwork inside, with 10 ft. of 
water upon it, would onlv amount to 1G40 lbs. n 
square foot. See Dam. Hence the importance of 
taking out all the gravel, in order to bring tho brick- 
work and concrete into direct contact with the 
impervious clay, ami tho advantage, if not neces- 
sity, of the precaution of covering the horizontal 
joints with the close' sheet-piling. In this way 
the access of tho water to the under horizontal 
surface* is «o interfered with, that its lifting power 
is effectually neutralized without the help of the 
aide walls, as when an invert is employed, at the 
same time the horizontal disposition of tho brick- 
work, perfectly free from all complexity, affords 
the greatest facility for bedding holding-down 
plates for tho shutting sills, pivot -crosses, rollor- 
Iiaths, and so on. Upon these platforms tho aide 
walla are carried up in brickwork, including tho 
copings, to heights above tho sills of 33 ft. and 
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:t0 ft O in. respectively, nn<l nt « minimum distance n|«rt of 80 ft. They are 20 II. thick when; 
they connect with the concrete vralle and irou piling, and continue so till the curved recesses for 
the ffntoa commence, lrv which the thickness is reduced to 11 ft. in the central part of the hollow. 



2461. 





Section on line C D. 




Section on line K F. 

2464. 

GO C- ■ - -■< 




Section on line G H. 



The hollow quoin i« n portion of a circle, having a mdiua of 12 in., and the length of the nrc of 
contact ia alao 12 in. Vertical chases are left in each aide wall for receiving the rollcr-framea 
when the gates are opened hack, the break in the coping being covered with a cast-iron plate. 
( 'hand* r.H arc also provided for the chain roller boxes and chain ways, which arc of the ordinary 
description, lend up to the vault* containing the hydraulic machinery, Fig. 24GO, for moving the 
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gate*, which in situated just beneath the upper level of the wall, nn<l to ftlto rear of it. The side 
walls at the ends are raked round in a double-curved form, to meet the batter of the piled and 
concrete wall of the lock-chamW, so as to avoid a sharp vertical arris. Where the vertical part 
terminates, at the east end of the wall of the tipjxr gates, and the west end of that of the lower 
gates, a hollow quoin, somewhat similar in form to that for the gates, is placed to receive the 
caisson, a step, or trill, being provided in the bottom for the game purpose. Toe hollow quoins, the 
external arris of the gate recess, the caisson quoins and sill, and the copings and bed stones lor 
the anchors (see Anchor), were mode of a compact sandstone, and these constituted all the stone 
employed, with the exception of that required for fixing the hydraulic machinery. The brickwork 
was composed of bricks made of clay from the excavation, faetd with Maidstone bricks, laid 
in mortar, composed of clean sharp sand, found on the site of the docks, and Hulling lime, ganged 
in the proportion of two to one. 



sue. 

24M. 2487. Pile*. 




Sluice- Pipe* and Sluices, Figs. 2464, 2465. — For the purposo of filling and emptying the lock- 
chamber eight sluice-pipes arc provided, four at the tipper and four at the lower gates. These 
pipes are of cast iron, 5 ft. in diameter, with the centre, or axis, placed 1) ft. below low-water mark. 
They are laid in pairs, through each side wall ; the face-plate of the inlets being receastd in the 
deepest part of the curve. Fig. 2460. After passing to the back, they nre turned, so as to run 
parallel to the lock for a distance sufficient to clear the end of the wall, beyond which they are 
again turned towards the piling of the lock, each pipe entering the centres of two contiguous bays. 
The outlets are formed of cast-iron plates, similar to those filling the upper space* between the 
main piles, hut pierced with trumpet- shaped apertures, with flanges behind for the purpose of 
connecting them with the pipes. The pipes at the hack are bedded to half their depth in concrete, 
laid in a brick culvert 16 ft. in diameter, the open space above the pipes affording facilities for 
examination, and for the execution of any repairs that may be necessary, without disturbing the 
more solid work. 

The sluices arc similar to those used in water-works. The paddles are of cast iron, faced with 
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brass. A cast-iron trunk, with an internal capacity of fi ft. by 2 ft., is brought ii|> from each to the 
coping level, in the upper part of which is contained the hydraulic apjmmtusfor lifting and closing 
the sluice-valve. These trunks permit the (Middle to 1)0 easily withdrawn for repair. Provision is 
also made by which all the sluice upjmrntus from the bottom >nn Is* taken out. without disconnecting 
the pipes. In this, as in every other case where it was practicable, the principle was acted upon — 
to afford, in the arrangement of the design, ami during the construction, every possible facility 
for the subsequent examination and repair of those parts which are most liable to get out of order. 

The portion of the lock bottom beneath the outlets, and therefore exposed to the wash and 
disturbing action of the water, is floored for a length of 50 ft., from the termination of the brick 
platform, and for the full width, with creoeoted planking, secured by means of wnlings to piles, 
driven 7 ft. apart over the area. The spaces between tlie heads of the piles, the wa lings, and the 
plankiug are filled iu with concrete to a depth of 2 ft. 

The Wraught-inm Oates, — Of these there are three pairs; the tipper and lower gntes of the 
entrance lock. Figs. 2409 to 247G, and the inner gates, separating the tidal basin from the main 
dock. The upper and inner gab s are of the same dimensions; and the same general arrangement 
being employed in the three sets, a description of the lower gab's will bo sufficient for the present 
purpose, leaving a few minor differences to be pointed out afterwards. * 

Until within a comparatively recent period, timber was exclusively employed in the construction 
of lock gates; and while they remained of moderate dimensions, this material was well adapted for 
the purpose. But w ith the increased size of ships now employed in commerce, demanding larger 
lock entrances and gates, the difficulty of finding timlier of sufficient length and scantling, and 
then of giving it the necessary curvature, has becorao so serious as to render the use of iron almost 
a necessity. In the earlier examples cast iron was employed for the internal framing. This was 
generally covered with planking, but in some instances wronght-iron plates were used instead of 
the plonking for the skins of the gates, advantage being taken of the opportunity afforded by this 
arrangement to diminish the weight on the points of support, by the flotation obtained by 
excluding tho water from the interior of the gate. The cast-iron framing is now advantageously 
superseded by the use? of wrought iron, so that the whole gate, with the exception of the heel and 
mitre poets, and shutting sill, which are generally either of wood or of cast iron, is constructed of 
this convenient material, which, combining strength with lightness, avoids at the same time the 
lesser evils of unequal expansion, screwed conniptions, and other inconveniences, as well as the risk 
of fracture from sudden blows, to which cast iron is liable. For the gates of the Victoria Docks 
timber would have been very unsuitable, not only on account of their largo dimensions — the lower 
gates having a span of 80 ft., and a height of 91 ft. — but because of the considerable amount of 
curvature giveu to them, the versed sine being 20 ft., or one-fourth of the span. 

The form of the outer curve of the pair of gates is the arc of a circle having a radius of 50 ft., 
the distance between the skins at the heel and mitre posts being 2 ft., and at a point midway 
between them, 3 ft The inner boundary is formed of two arcs of circles struck from centres 
9 ft. in. apart, with a radius of 59 ft. 9} in. The space between these curves represents the 
form of the fourteen horizontal diaphragms iu each leaf, varying in distance apart from 1 ft. 11 in. 
at the bottom to 3 ft. at tlic top, and placed parallel to the floor of the lock, with the exception of 
the bottom one, which is sloped 9 iu. upward at the heel-post, to give more room beneath for the 
cast-iron step-pieco and pivot. On the under-side of this l>ottoin plate, which is | in. thick, 
is secured, by means of |dron bracket-pieces, tho timber which meets the cast-iron shutting sill. 
This is made of green-heart, 9 in. deep and 4 \ in. thick. 

Tho other horizontal diaphragms are \ in. thick, and are connected with the skins by X -iron, 
4$ in. by 2$ in. in section, and by angle-iron 2J in. by 2} in. in section. There are also two vertical 
diaphragms which divide each leaf into three nearly equal parts, passing continuously from the top 
to the l)ottom, and therefore intersecting each horizontal diaphragm, the X*** 0118 end angle-irons of 
which are brought round and riveted to the vertical diaphragms. This arrangement subdivides the 
horizontal cellular spaces, and also prevents the gate from twisting. Man-holes are provided in each 
compartment through each diaphragm, to give access to every part of the gatp, and they are closed by 
covers at the proper level for giving the requisite amount of flotation. Of the framework thus con- 
structed the outside plating is riveted. This varies in thickness according to the amount of strain it 
has to bear, from $ in. at the bottom to | in. at the top. The plates are disposed with their lengths 
placed vertically, all the joints being provided with strips on the outside and on the inside, to ensure 
their being water-tight. Short horizontal strips are also required, where, from the passage of the 
vertical diaphragms, it )s impossible to calk the horizontal X'i ron8 quite close into tho corners. 

In the caisson, which was constructed subsequently, tho widths of the plates forming the skins 
were placed vertically, and with advantage. 

The heed and mitre postil, which are of green-heart timber, are bolted to the strong vertical 

C lates forming the terminations of the ironwork of the gates. They are kept in place laterally 
y an angle-iron, 3 in. by 3 in. in section, riveted on each enter edge. The bolt-holes are deeply 
countersunk, and the holes filled with green-heart plugs, set in marine glue. The passing of these 
bolts through tho vertical diaphragm-plates, and the difficulty of keeping them well tightened up, 
has been the source of some leakage into the gates, and even now occasionally gives trouble. 

The attachments of the chain, for opening and shutting the gntes, consist of strong gusset- 

g ieecs, riveted to the outside plating, so as to take hold of one of the horizontal diaphragms. 

trong bolts are passed completely through tho width of the gate, so ns to bring the strain ns 
much as possible on l*otb skins. These attachments are also placed opposite each other, one ou 
the inside and the other ou tho outside of the gate, so that the bolts pass from one to the other. 
In the lower gates they are at a height of 12 ft. above the sill, so as to be accessible at low water. 
The sectional diameter of the eye-bolt is 2f in., that of the opening and closing chain is 1} iu., 
and the neatest strain brought upon them by the hydraulic machinery is about 7 tons per inch. 
The footpath platform at the top, which is 8 ft. U in. wide in the middle, and 2 ft 6 in. at the 
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ciuls, consists of plnnking 8 in. thick, carried on cant-iron 
brackets, so an to be level with the coping of the wharf. 

The movable hand-railing on the side in 3 ft, high. Owing 
to the great curvature of the gates, a somewhat peculiar 
arrangement waa necessary. In lock entrance* generally, in 
consequence of the inconvenience and obstruction to the 
passage of ropes during docking hours, occasioned by the 
use of a fixed hand-railing, or fence, the standards havo 
boon usually connected by cliaius, and placed in sockets, 
so as to be easily taken out. This is on inconvenient 
method, and cause* delay, from tho number of seporato 

1 dirts, by encumbering the footway of tho gates when 
down, and forming when up hut an inefficient protection. 

In a recent example, tho Hartlepool gates, which arc 
straight, a rigid top nil was employed, connected by a 
knuckle-joiut to tho standards, which were jointed near 
the bottom, in such a way that the whole could l>e de- 
pressed, the top roil being parallel to tho planking, and 
raised but a few inches above it. In tho victoria Dock 
gates, owing to tho curvature, the standards cannot move 
in tho same plane; they aro therefore each made with a 
separate foot, in which they turn, as on a pivot, forming 

a swivel-joint. Above this is the lower hinge, and the top , 
of tho standard is connected with the top railing by a 
knuckle-joint, the roiling being made of iron tubes 1* in. 
in diameter, bent to the form of the gate. Koch standard 
has a counter-balance weight, which works by a short arm 
below the planking, out of the wny, and the roiling can 
bo readily depressed to within 6 in. of the coping level, 
and bo raised again, by one man. When down, the curved 
extremity of the miling lies on the wharf, and ropes, being 
prevented from getting under it, rise and slide along the 
smooth rail, thus avoiding any entanglement or obstruc- 
tion. When raised tho rail is kept up by a simple catch, 
which ia easily released by the pressure of the foot. This 
railing forms a rigid and efficient fence. 

The points of support, and the mode of retaining the Q . _■ 
gates in place, must now be described. These comprise, £ J3 
the pivot-cross, pivot and step piece, containing the pivot- ** ^ 
brass, the shutting sill, roller and anchor. 

Pivot-Cross and the Pirnt . — The foundation for the pivot 
consists of a massive cast-iron cross, the length of each of 
the four arms being 5 ft. from the centre of the pivot. 
These anus, which are hollow, nre 18 in. square in section, 
and the metal is 2 in. thick, leaving an internal cavity 
14 in. square. Strong oak timbers, 15 ft long, aro driven 
into those arms, projecting 10 ft beyond the ends of the 
cast-iron cross. Through two of these timbers, four bolts, 

2 in. in diameter, aro passed down to two holding-down 
plates, which arc 4 ft. sqnaro each, and aro set iti the 
solid brickwork. Between the arms of the ernes, webs 
were cast, forming, with tho included arms, an area of 
16 sq. ft. Four bolts, each 2$ in. in diameter, connect the 
web to a massive holding-down plate, 5 ft. square, also 
bedded 8 ft. in tho solid work below. The pivot-cross is 
placed with its arms parallel and perpendicular to the 
lock wall, which stands on two of them ; the othor two, 
tho upper surfaces of which aro on a level with the bottom 
of the shutting sill, are held down by the plates and bolts, 
as already described. On the upper surface of the cross, 
projections were made for attaching the first length of the 
shutting sill ; and exactly in the centre, a circular fillet 
was left, which waa accurately turned out, for tho reoej>- 
tion of the pivot, which ia of cast iron, 6 in. in height, 
accurately turned to a diameter of 1 1 in., in order to work 
properly in the brass of the step-piece. The lower rim ia 
also turned, to fit the recesB in the pivot-casting. The 
upper step-piece is a casting 1 ft. 5 in. in depth, and about 
5 ft. 8 in. long, strongly bolted to the under-side of the 
gate. It contains a recess for tho reception of the brass, 
which is 16 in. long, 16 in. wide, and 5 in. deep. The 
sides of the recess are 2 in. thick, and the bras* is accurately 
fitted, by means of chipping pieces and pinning. A space was 
also left for end play, to prevent any strain being brought 
upon the pivot by the wearing away of tho timber heel-pout. 
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The Shutting Sill . — The shutting sill, the outer curves of which correspond to those of the 
inner curves of the gates, is composed of eight cast-iron segments, fonr on each side of the mitre- 
point. Its cow-section is in the form of an angle-iron, 12 in. high, 18 in. on the bed, and 2 in. in 
thickness. This is at the mitre or meeting point of the gates, and it gradually increases in height 
to 1 ft. 9 in., and in breadth to 2 ft. 3 in., respectively, where it is bolted to the pivot-cross. Each 
segment is strengthened by feathers, or gusset -pieces, at the back, at intervals of 2 ft. Chipping 
pieces are provided on all the junction surfaces, to ensure accuracy in fitting. The sill was 
secured by building into the brickwork, at a distance of 8 ft. Iieneath it. a strong cast-iron bed- 
plate, of the same area as the sill, through which bolts were placed and built iu, leaving a small 
space round each other of them for adjustment. When the brickwork was brought up to the 
proper level, the sill whs lowered down over the bolts, which were tightened up from time to time, 
and the spaces round them then grouted with cement. There are fifteen of these bolts for each 
segment, ten being 2 in. in diameter, anil five of 1$ in. in diameter, the larger bolts being placed 
tut near as possible to the inside of the vertical face of the sill. As stum as the bolts were 
sufficiently tightened, the brickwork was carried up to the level of tho top of tho sill, over the area 
not traversed by the gates. 

2473. 2474. 2475. 2476. 

Sect ions of Lower Gates. Section of Upper Gate. Section of Caisson. 




The Holler . — In the case of a gate with one roller, iu order that it may work easily and bring 
as little strain as possible on the anchor strap, the axis of the roller must be in the vertical plane 
passing through the pivot axis and tho contra of gravity of the gate. Fig. 24G9. If the weight is 
to be distributed on tho pivot and roller in a given ratio, the centre of gravity must lie between 
them, so as to divide the distance inversely in that ratio. This, in the case of a straight gate, 
would allow the roller to be placid under some part of the gate itself; but in a curved gate, 
especially when the curvature is considerable, such a position would in most cases throw an 
undue proportion of weight on the roller. Hence, in the present instance, it was so placed as to 
be wholly external to the outer curve of the gate. This, however, is advantageous, as it affords 
grent facility for removing tho roller for examination or repair without having recourse to diving 
apparatus. 

The roller is a heavy cast-iron wheel, 7 in. wide nnd 2 ft. 8 in. in diameter, working in gun- 
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metal gudgeons of large dimensions, and kept in position by a framing of cast iron. This framing 
has at tho top a hollow socket, which receive* a step-piece, keyed into the bottom of a hollow 
column of cast iron, 12 in. in diameter and 23 ft. 7 in. long, and reaching nearly to the top of the 
gate. At its upper end this column is surmounted by a powerful screw, on which is nlnocd a 
massive brass nut, working through a wrought-iron cross-head, by means of a capstan, which ran 
be removed when it is not wanted. This cross-hood is held down hy four Ulto, which are 
flattened out into straps, and arc riveted against vertical pieces of wrought-iron plate, forming the 
sides of tho roller-frame. These plates ore connected with the whole depth of the gate hy means 
of angle-irons and gusaet-piecea. At the bottom they are carried up in a circular form to a 
height of almut 6 ft., so as to enclose the roller and protect it from injury. Within this, on each 
aide, two brass guides are riveted to the wrought-iron-plate sides, ami arc carried up (in the case 
of the lower gates) above low- water mark. The distance between these guides is tho width of tho 
roller-frame casting. They open out into a trumpet shape near the top, and form a kind of groove, 
in which the roller-frame can slide, thus securing it from lateral movement when at the Isdtom. 
With this arrangement, the roller can be easily removed ; for the gntes being closed, it is only 
necessary to turn back the brass nut at the top, by means of the capstan, so as to allow the cast- 
iron column to be lifted the requisite height of 2 or 3 in., to clear the step-piece at the lmtfitm. 
The. column can then be slung on the outside of the gate, and the roller-frame casting, with tho 
roller, can bo drawn up the groove, by means of chains nttnehed to it for tho purpose. When clear 
of the guides, it can be lowered into a boat, or bo hoisted on the lock wall ; and after examination, 
it can ixj replaced with equal facility. 

The roller-path is of cast iron, in the form of a bridge ruil, 4| in. wide and 8 In. high. The 
flat sole, or bottom flange, which is 15 in. wide., rests on a sill of iron-bark timber; bolts are passed 
through both, down to cast-iron plates, 3 ft. long and 2 ft. wide, set in the brickwork. One of these 
plates is placed under each joint iu tho jmth, and another in the middle of each length. The |>ath 
and roller were designed for a working load of from 12 to 15 tons. The destructive effects of a 
much greater pressure, to which they were subjected for some time, will bo alluded to hereafter. 

The dncAor, see p. GO. 

Having completed the description of the lower gates, it may be desirable to point out wherein 
tho gates differ from each other. 

It has been .stated that the lower gates are 31 ft. high ; and as tho sills of tho upper and the 
inner gates are 2 ft. 6 in. higher than the lower sill, these gates are 2 ft. 0 in. shorter, or 28 ft. G in. 
in height. Consequently, the outer skins wore made somewhat lighter, and tho horizontal dia- 
phragms were fewer iu number. In other respects the gntes are almost identical, with two excep- 
tions, which remain to bo noticed. First, the inner gates are not worked by hydraulic power; and 
secondly, sluice-pipes aro not employed, but tin* sluicing is effected through the gates themselves. 
These sluices are rectangular, G ft. wide, and with a lift of 2 ft. ; and there are four in each leaf of 
the gates. They are worked in pairs, from the top of the gate, by racks ami pinions; the racks 
being hung on opposite sides of each pinion so us to balance the weights, and to open the sluices 
by raising the one and depressing the other. 

In concluding this {tortion of the subject, a concise summary of the weights of wrought and cast 
iron work in tho gates is appended. 

Tons. 



Wrought iron in the lower gates, including the cast-iron pivot step-piece.. .. 198 

Ditto in the upper gates 128 

Ditto in the inner gutes, including the sluices 138 

Cast iron in tho shutting sills, pivot-crosses, anchors, rollers, roller-paths, 
foundation-plates, &c., and bolts for each pair of gates 59 



The Guuon, Fig. 2474. — It has )>ecn mentioned, in an early part of this paper, that the ancient 
river wall or bank, which is about 5 ft. above Trinity high-water mark, protects the marsh from tho 
overflow of tho river, which rises considerably above the level of tho district. This bank, therefore, 
formed a natural dam, behind which the formation of tho inner works of the loek-chnml>er, the 
brickwork of the gates, and the other operations could l>e carried on; and outside of which a con- 
siderable )>ortion of the piling and concrete walling could lie executed. But in order hi effect the 
junction of the two {tortious and to complete tho entrance works, it was necessary to remove a large 
quantity of material. This was done first by harrow work, and then, below low-water mark, by 
the more tedious operation of dredging. In order that tin's excavation might proceed simnltane- 
ously with the other dock works, it was essential to provide the means for keeping the water out 
of the dock at the time whtm the river bank was being broken into and carried away. Owing hi 
tho great width of the entrance, considerable expense ami delay would have occurred had a coffer- 
dam been employed, and recourse was therefore had to a caisson. But this differed considerably 
in form from those in general use, and was not employed or handled in tliA same manner. The 
usual form of a caisson somewhat resemble* that of u ship, having inclined stem ami stem {Mists, 
which fit into grooves in the side walls, whilst tho keel applies itself at the same time closely 
against a shutting sill. The new caisson, Fig. 247G, which was made of wrought-iron plates, is 
rectangular in side elevation, the heel-poets l»ciiig vertical and «lmj*ed like those of the gates, so as 
to fit into a hollow quoin as into a kind of rebate. In plan it is like one leaf of the gates, being 
3 ft. wide in tho middle and 2 ft. at each end; hut it is large enough to extend across the span of 
80 ft. between the lock walls. Its curvature is not so great as that of the gates, having a rise or 
versed sine of only 8 ft. The outer and inner curves are struck from points in the axis lino of the 
lock, with radii of 94 ft. 8 in., and 104 ft. respectively. The height is 31 ft., which is the same as 
that of the ironwork of the lower gate*. 

After the minute description already given of the gates, it will be unnecessary to enter into tho 
same detail here, the general structural arrangements being similar in both cases. It may suffice 
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to state that there are but five horizontal diaphragms, of which two form the bottom and the top, 
and the three remaining ones are internal. The lowest of these is 4 ft. 1 in. above the bottom, the 
next 9 ft. 2 in. above that, then one 10 ft. higher up, leaving a s|iace of 7 ft. 9 in, to the top plate. 
The position of the lowest inner diaphragm is not arbitrary or immaterial. It is placed at a dis- 
tance of 4 ft. 1 in. from the bottom in order that the internal capacity or volume, comprised between 
the skins and the diaphragms, shall be equal to that of 25 tons of water. The object of this will 
appear presently. The diaphragms are connected by angle-irons, 3 in. by 3 in. in section, to the 
outer skins, which vary in thickness, from } in. at bottom to \ in. at the top. The lengths of the 
plates are disposed horizontally, differing in this respect from the gates. In width they increase 
regularly from 2 ft. at the bottom to 2 ft. 7 in. at the top. The internal horizontal joints, except 
where there are diaphragms, are covered by ^-irotis, weighing 13 lbs. per foot. The vortical end- 
joints ore covered, both on the inside atwl on the outside, with strips. The T -irons an* strutted 
across at intervals of 4 ft. by similar ^-ironx, triangular gusset-plates being introduced at the ends 
to give more rivet-hold and stiffness. 

The caisson is also divided by two vertical diaphragms into three compartments, as in the case 
of a leaf of the gates. It has heel-|>o«t* like the gates, and a lining niece of creosote*! Meinel 
timber to meet the shutting sill. This timber, having to carry the weight of thu caisson, is made 
of full scantling 15 in. square. It is also provided n«?ar the bottom with two rectangular sluices ; 
one 3 ft. 9 in. long and 9 in. high, allowing the water to pas* through the gate to till the dock : 
and the other 10 in.- square, opening on the concave side to admit wnter into the bottom compnrt- 
iui ' tit, already described as having a capacity for 25 tons of water. A three-throw pump, the work- 
ing barrels being 4} iu. in diameter and 12 in. stroke, is provided for emptying this compartment, 
and with the sluice* is worked by gearing from the top. 

The caisson quoins are of Duke's Quarry stone. They are placed in the brickwork of the aid© 
walls, where they begin to rake back from the perpendicular to meet the batter of the piling. The 
sill against which the timber liner shuts is of the same stone. The caisson itself rests on the heads 
of the pile* which surround and enclose the brick platforms, and which ore here drivuu in a curve 
corresponding to that of the caisson. 

In order to understand the working of the caisson, 
it is necessary to observe the distribution of the dis- 
placement spaeea in the interior, Fig. 2477. The 
lower one of 25 tons has been already pointed out. 

Above this, the vertical diaphragms divide the re- 
mainder into three space*, the middle one having a 
capacity for 25 '7 tons of water, aud the two outer ones 
for 44 *1)8 tons each. Of these, the two last mentioned 
are kept empty. The middle one lias apertures on 
the convex side so that water can freely enter the in- 
terior without passing through. The lower one is 
provided witli special ap|mmtu* for tilling or emptying 
at pleasure. The weight of the caisson being about 

!K) Ions, if the water is pumped out of the bottom, the displacement will stand thus;— 



Hottom 25*00 

Itight compartment 4l'C8 

Left „ 44 08 

Total 114*30 



This gives a floating power above tho weight of the caisson of 24*30 tons, when it would float 
with tho convex side downwards in a nearly horizontal position. If the small sluice was ojiened 
water would enter the bottom comportment, causing the caisson to tilt over, and gradually to assume 
a vertical position. During this time it could be drawn towards it* place, ami the heel-posts coming 
in contact with the quoins, the caisson could be guided into its proper position. If this operation 
was performed at the time of high tide, when there is a depth of 28 ft. of water on the sill, the 
lower compartment being full ami the caisson in a vertical position, the displacement of the two 
side ootiqiartmeuts would Is* diminished to 39*8 tons each, or 79*0 tons together; so that iu this 
case the caisson would press the bottom with a load of 10*4 tons. 

It will 1« seen that a caisson of this construction requires to get it out of it* place only such a 
depth of wnter ns will just float it, and us soon a* it is free from the quoins it can be turned on its 
side, when it will present little surface to tho wind, be quite stable in management, aud not draw- 
ing more than I ft. wnter, can be readily moved from place to place. 

In employing the caisson at the entrance to the Victoria Docks, the precaution wn* taken to 
put timber strut* against the inside from sills bedded temporarily in the brickwork. A lied of clav 
puddle almut l» ft. high was also placed on the outside. No indication of weakness wns observed, 
nor was there any leakage, the caisson doing its work perfectly. The greatest strain on the bottom 
section, with the entire head of 31 ft. of water, amounts to 8G*5 tons per foot of depth, and such a 
sectional area is provided, exclusive of the bottom diaphragm, that the strain docs not exceed 
4 'i tons |x»r square inch. 

CasinUtie *. — The casualties which occurred during the construction ami subsequent to the open- 
ing of the docks, with the means adopted for remedying them and preventing their recurrence, will 
now* be noticed. 

Fracture of the Shutting SiO . — Tho earliest of these casualties, which was in fact but of minor 
importance, was the fracture of the shutting sill. The cost-iron shutting sill, os before stated, is 
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not only bolted down to foundation-platea, set in the brickwork, but is firmly connected, at each 
end, with the pivot-crosses, which are built into the heavy side walls. It will readily be inferred 
that the side walls, and with them the ptvotafMML would settle to a greater extent than the com- 
paratively light brick platform between them, and with it the corresponding portion of the sill. 
Such was found to be the case; for mood after the side walls were finished, the pivot-crosses were 
carried down about 1$ in. on each side, while there was little or no sulwidenee of the sill in tho 
centre. In consequence of this unequal pressure, the shutting sill was cracked about 3 ft. from the 
mitre; but tho opening being very slight, the defect was readily repaired by bolting a plate of 
wrought iron at the hack. This accident, slight as it is, points out the importance of guarding ns 
much as jiossible against the effects of unequal loading, especially where cast iron is employed, in 
connection with brickwork or masonry. It suggests also the obvious expedient of allowing tho 
side walls to settle before tho holding-down bolts of tho sill are finally tightemd up. 

Subsidence of the Side Walts of the Lock-Changer. — This casualty was of a more serious character, 
involving the cast-iron and concrete walls of the lock-chamber. It occurred on Sunday, the 17th 
of June, 1855, at a period when gn at progress had been made with tho works, — for the upper 
and lower gates had been lifted into their places, the caisson was nearly completed, tho copings on 
the wharf were being laid, the bottom of tin 1 large dock was puddled, and, indeed, the removal of tho 
river bank and tho dredging at the entrance were the principal operations that remained to be 
done. There had been no symptoms of weakness, nor any premonition of what was about to take 
place, excepi that on the previous day Mime joints in the coping oil the south side were observed to 
he a little open, but to so slight an extent that the circumstauee was not reported. The next day, 
however, in the afternoon, the jsirtiou of the north side lying between the brickwork of the up|**r 
and lower gates began to give way, moving forward bodily into the lock, pushing up the thick 
puddle towards the centre, bending and breaking the tie-bora behind, an<l arngging tue tie-piles 
forward, and ill some instances breaking them off. A few hours afterwards the south side failed 
in the same way ; but the brick aide walls and platforms remained wholly unaffected, the most 
careful observation failing to discover any movement in them. 

It being Sunday, some time elapsed before any men could be collected. They wero first set to 
work to drag off the copings, and to lighten the earthwork behind. Tho most energetic measures 
were then adopted for reinstating the walls, and for this purpose the old concrete was cleared away 
from behind, and the iron piling was driven to a depth of 10 ft. lower than previously, the sheet- 
piles entering 5 ft. into the clay. A solid concrete wail was then commenced, at a depth of about 
3 ft. in tho clay, which woa carried up for a height of 18 ft., with a thickness averaging 18 ft. 
Above this level, the thickness was reduced to 10 ft., with counterforts G ft. square at intervals of 
10 ft. These counterforts were carried up nearly to tho top of the piles. On this concrete wall 
there was built a brick wall, averaging 4 ft. G iu. in thickness and 10 ft. high, with counterfort* 
at the hick 3 ft. aquare, corresponding in {msition to those of the concrete below. On the top of 
this wall the coping of tho wharf was placed. Tho piles were tied hick by tho rods pussing 
through the concrete ami secured to cast-irou plates screwed up tight ngniust the back of the con- 
crete wall. The whole of the clay puddle iu the bottom was taken out aud replaced by concrete 
with a top layer of Portland cement concrete G in. in thickness. This work was completed by 
the 21st September following, or iu a little more than three months. Considering the number of 
piles that had to lie re-driven, and the quantity of material hi bo moved and replaced, it must be 
admitted that the work was expeditiously executed. 

A failure, occurring so suddenly aud on so large a scale, aud appearing to be the result of an 
extended and |»twcrful agency, demands some attempt at explanation. This will be better under- 
stood, after some preliminary observations. Ever since the commencement of the works, iu the 
middle of the year 1853, the great pumps had been worked night aud day. These were situated 
to the roar of the north wall of the lock-chambcr, between the up|»cr and lower gates, and at no 
great distance from them. They drained the water down to the level of tho floor of the lock, tho 
additional depth required for getting in the lower brickwork being kept free from water by means 
of a portable engine, lifting into the sump of the large pumps. As this operation hud been going 
on uninterruptedly for two years, during which time a large excavation, to a depth of 16 ft. below 
the level of the marsh, was in progress, the surrounding country was gradually drained of its 
laud water, for a considerable distance, iu all directions. In corroboration of this remark, it may 
bo stated that the water in a well situated in East Ham parish, more' than two miles and a quarter 
from tin; docks in a direct line, was much lowered while the works were in progress, but it 
recovered its level when they were completed. At the time of tho accident the pumping hail 
been discontinued for some weeks, in order to allow water to collect in the dock to a depth of 3 ft., 
to test the clay puddle; hut it wo* excluded from the lock-chamber by a temporary stank. It 
would result from tho fact of the ground gradually recovering tho charge of water which had 
been drained from it, that additional pressure would be brought upon the back of the look walls, 
and under disadvantageous circumstances ; for while, in ordinary cases, where there is a possibility 
of water collecting lxthind a wall, provision is made for letting it escape, here, from the nature of 
the case, this wns impossible, and its effect was in consequence aggravated. The substitution 
of clay puddle for the gravel at tho bottom, was to a certain extent an evil, as tho walls were 
thereby deprived of weight at the foot, the tendency of which would have been to prevent forward 
motion. A further continuation of tho opinion that the failure resulted from the action of 
accumulated water, is suggested by tho fact that the movement of tho two sides was neurly 
simultaneous. 

Fracture of the Pivot-Castinn. — This occurred to two out of the four gates of tho entrance lock, 
and it was some time before the true cause of the failure wns discovered. This casting, which is 
bolted to the under-side of tho gab*, Ims been described a* having a box. or recess, of an octagnnnl 
form, to contain the pivot-brass. It wns found, in each case, that the same adjacent sides of tho 
box hod given way, uamely, those between the brass and the hollow quoin, and between the brass 
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and the abutting Hill respectively. It is also necessary to state that in fitting the heel and the mitre 
(Mists, it was considered desirable to make allowance for hoiuo shrinking and compression of the 
wood. Provision to the extent of -fa of an inch, in the length of the two leaves, was therefore 
made; but ex|*:*rience showed that this was more than was required. As the mitre-post could 
not be easily reduced, an as to permit the timber sill 

to be brought into perfectly OHM contact with the **]*■ 

iron one, a lining piece of thick flannel was secured I kn of Uie under-side of the pivot-piece, lowing 
to t lie former by cooper nails, to make the joints the cast-lroo n*h and the broken portions, 
water-tight. When the first fracture occurred, it was 
attributed to some irregular or undue thickness of 
this lining near the heolqiost, or to the accidental 
interposition of a hard substance between the timber 
and the iron sills. A portion of the flannel was there- 
fore removed, and diligent search was made for any 
iron bar. chain, hard wood, or stone, which might 
by possibility have occasioned the mischief, but with- 
out success. The broken box was repaired, as shown 
in Fig. 2178, by bolting on a cast-iron fish-piece to 
one of tlte side flanges of the pivot-piece, which was conveniently situated for the purpose. This 
Operation of drilling three holes, j of an inch in diameter, through a thickness of 2J in. of cant 
iron, under water, and of bolting on the fish-piece, was accomplished by a diver in about five hours. 

Notwithstanding every precaution, the fish-pieces were frequently broken, and it became evident 
that the true solution of the problem had not lain discovered. The north upper gate having 
proved the most troublesome, and its pivot-casting having been further damaged by the use of a 
wrought-iron fish-piece, it was resolved to float the gnte in order to investigate more closely and to 
replace the casting by a wrought-iron step-piece. From the appearance of the brass it was evident 
that it had been subjected to great pressure. In consequence of the radius of curvature of its in- 
ternal surface having been erroneously made somewhat less than that of the pivot, the pressure, 
instead of being distributed over the whole area of the step, was found to be restricted to a cotu- 
jamtivel v small annular |s>rtion situated near its circumference. The corresponding surface of the 
brass may be considered as a portion of a hollow cone, which would aggro vate the effect of the 
pressure according to the disparity of the two curvatures, the ultimate result being that the brass 
seized or adhered to the pivot to such an extent that the gate turned upon the brass instead of upon 
the pivot, breaking away the walls of the box in the effort to free itself. The great weight on the 
pivot is accounted for by the fact that, owing to the leakage through the bolt-boles of the heel and 
mitre posts, and through some |>ortions of the gales, the calking of which was not complete at first, 
the gates went frequently marly full of water. In the case of the lower gates, the points of sup- 
port, namely, the pivot and the roller, were sustaining from 40 to 45 tons each, instead of 12 or 
15 tons, the working load which each was intended to carry. The leakage was hood remedied, and 
the gates then having a proper amount of flotation, no fracture from this cause has since occurred. 

It must be borne in mind that hydraulic machinery was employed from the first to open and 
shut the gates, ami although n great additional |*>wer must have been required to open the gates 
when this seizing had taken place, a resistance represent**! hy the force rtqtiired to break down so 
large a wrtion of cast iron, there were no ready means of measuring its amount nr even of detecting 
its existence. If manual labour, at a crab, had lieen made use of, the resistance and the remedy 
would have been speedily discovered. It is. )»crhn|M, worthy of consideration whether it would not 
be the most prudent course, in cases of this kind, to r**sort at the outset to a temporary expedient 
similar to the one alluded to, and when the true working regime has been ascertained to revert to 
the permanent arrangement. 

There has l>een one instance of a fish-piece being fractured in conseouencc of a large fender, 
through carelessness, being lodged between the gate ami the sill near the heel-poet while the gates 
wen* being rapidly closed. To avoid such a contingency, the sill might Is* formed like an invert, 
the heel-|NMts being thereby raised several feet above the floor of the lock-chamber, then any 
obstruction calculated to do injury would have a tendency to fall towards the mitre- poets, where, if 
it were interposed between the gate and the shutting sill, it would Ik? quite harmless. 

Attention awl Splitting of the Roller-Path , — This occurred at the lower gates only, and was n direct 
and intelligible result of the weight of the gab's, caused by the leakage just mentioned, in conse- 
quence of which the load the |«ith had to sustain was for a time three or four times the weight 
which it was intended to bear. The new path was made 7 in. instead of 4} in. in width, anti in 
substituting this for the former one by means of divers, great facilities were afforded by the hard 
wood timber sill, for ensuring the accurate level and the adjustment of the several lengths. 

On the Construction of the Jetties . — In the early port of this jsi|K*r the jetties were incidentally 
noticed, and their number, situation, and general dimensions were briefly pointed out It is now 
necessary to describe the mode of c* instructing the quay walls, ami to give some other particulars 
relating to this portion of the works. 

In general form. Figs. 2179 to 2183, each jetty is a parallelogram, 140 ft. in width f«>r a length 
of 497 ft., ami having a pointed nr wedge-shaped termination, the sides of which are each 109 ft. 6 in. 
kmg, and inclined to one another at an angle of 80°. The total length of each jetty is 581 ft., and 
the level of the quay varies from G ft. to 9 ft. above Trinity lugh-water mark, according to the 
situation of the jetty in the d*>ck. 

A warehouse, comprising an upper floor, ground floor, and vaults underneath, nearly approach- 
ing an acre in extent each, occupies a length of 5(H) ft. and a breadth of 80 ft. out of the entire width 
of the jetty, having a space 30 it. wide on each side to the edge of the quay, for the railway, sidings, 
and the temporary storage of goods. In order to afford facilities for the discharge and arrangement 
of goods, each jetty is provided with nine hydraulic cranes. One, tajmble of lifting 5 tons, with a 
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mngo of 31 ft. beyond tho quay, is placed at the pointed 
end, and eight others lifting 2 tons each are disposed in 
pain* at convenient distance* along tho sides. One crane 
of each pair is fixed near tho edge of tho qany, with a 
swoop outwards of from 21 to 23 ft, and tho other is 
placed against the outside wall of tho warehouse, for tho 
purpose of removing goods to or from tho upper floor or 
the vaults beneath as may l>e required. Hidings and 
turn-tables are also provided at the rear of the jetties, for 
the purpose of collecting or distributing tho wagons on 
the line of railway leading to and from tho docks. 

The side walls, which are vortical, consist of cast-iron 
piles, driven 7 ft. apart from centre to centre, and upright 
inverted walls of brickwork, H in. thick, filled in between 
the piles, and set in Roman cement raortAr. Tho concave 
surface of the invert, which has a versed sino of 12 in., 
is external, or in contact with the water of the dock ; 
while tho convex, or inner surface, is backed with con- 
crete, and Whim) this with clay. The piles, which aro 
T-shaped i 11 section, are 35 ft. long, 12 in. wide on tho 
face, and, averaging 1} in. thickness of metal, weigh 
about 1} ton each. They are connected, in pairs, across 
the width of HO ft., by two tiers of horizontal tie-bars, 
2 in. in diameter, and fixed to the back feathers of tho 
piles, which are 18 in. deep, by means of eye-bolts fur- 
nished with a screw, by which the piles can be adjusted 
so as to be exactly in line. Tho upper and lower tio-bars 
are fixed at depths of 5 ft. and 17 ft. below the heads of 
the piles, which are thus prevented from being forced 
outward by the pressure of tho earth behind them. Tho 
piles are driven to a depth of 28 ft. below Trinity high- 
water mark, entering the gravel 2 ft. below the clay- 
puddle lining of the dock, and, as this is 2 ft. thick, to a 
depth of 4 ft. below tho finished surface of the bottom of 
the dock. The brickwork is commenced at a depth of 
23 ft. below Trinity high-water mark, or 1 ft. alwvo the 
bottom of tho dock, and is laid on concrete 3 ft in thick- 
ness. The concrete wall is carried np behind the brick- 
work, with an average thickness of 3 ft C in. The back 
of tho concrete wall is made straight and vertical, and 
against this the clay backing is filled in. The pointed 
extremity of the jetty is not formed with an angle-pile, 
but by filling <me hay with curved cast-iron plates, backed 
with a moss of concrete. This not only serves the pur- 
pose of resisting the heavy blows to which this part of 
the work is exposed, but also forms a solid foundation for 
the 5-ton crane, which has been already mentioned. The 
top of the wall is covered with a cast-iron capping, bolted 
down to tho heads of the piles, and finished off with a 
timber sill. The upper surface of tho jetty, not occupied 
by tho warehouse, is bellastod, and some portions of it, 
adjacent to the edge of the quay, is covered with plank- 
ing. In order to prevent tho passage of water from the 
clock under the walls, the clay puddle was brought up on 
the outside to a height of 5 or 6 ft. against the piles and 
brickwork, so as to fill up the augle funned by the verti- 
cal face with the floor of tho dock. 

It may be Interesting to notice a circumstance which 
occurred soon after the water had been let into the dock, 
and which apjteared to indicate at the time that the 
walls were not impervious, notwithstanding the precau- 
tions taken to render them so. It will be observed, Kifjf. 
2482, that tho floor of the vaults under the warehouse is 
about 2 ft. 0 in. abovo the level of tlie marsh, and there- 
fore 6 ft. below that of the water in the dock, when stand- 
ing at Trinity high-water mark. It was found, soon after 
the water had risen to that level, tliat it appeared in the 
vaults to an extent which unfitted them for the purj>oacs 
for which they were designed, the effect being aggravated 
nt spring tides. It was thought that the water must have 
come from tlie dock, (Other by direct leakage through 
tho walls, bv passing under them, or down the piles into 
tho gravel below, and thence upwards again into the 
vaulis. In order to obviate the inconvenience arising 
from it, pipes were laid beneath the floors against the 
side walls as low as possible, but retaining a good fall 
into the marsh drain ; and careful observations of the 
quantities of wnter discharged by them were made from 
time to time. It soon become evident, however, that the 
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water differed in character from that of the dock, by its containing much iron, which was deposited 
in tho form of a rusty mud at the months of the drains, and that the quantity sensibly diminished. 
From these facts it was inferred that the water came from the gravel, rising, on tho discontinuance 
of the pumping, to the general level of the district, which experiments showed to lie within a few 
inches of the surface. In the case of the vaults the water found its way up the concrete walla, 
which, resting on the gravel, formed tiic foundation of tho walls of the warehouse. Tho dis- 
charge from the drains is now slight, and is apparently independent of tho rise of tide. This is 
probably due, partly to the consolidation of the ground agniust tho concrete walls, and partly to 
the gradual silting up of the porous materials by the rusty deposit. This explanation has recen lly 
received a singular confirmation from the fact that, while the foundations worts Ixiug put in for a 
warehouse, which has just been erected on tho level of the marsh on the north side, nnd the water- 
level in the excavation was temporarily lowered by pumping, no water escaped by the drain from 
a neighbouring jetty ; but shortly after the pumping was discontinued the discharge from tho vault 
was re-established. 

3482. 





Advantage of the Cylindrical Form of I.oek Gates * — Some advantages of the cylindrical form of 
lock gates, or gates of continuous curvature, with respect to economy of material and armngemeut 
of parts, will now he pointed out. 

By the term “cylindrical gates or gates of continuous curvature,” adopted for the purpose of dis- 
tinguishing them from gates formed like, a Gothic arch, a common and useful modification of tho 
straight gates, it is intended to denote that the two leaves constituting the iwiir form a portion of a 
cylindrical ring, the outer or convex curve being the arc of a circle, extending from one huel-post 
to the other, mid therefore continuous, while the inner curve is concentric with the former or nearly 
an. It is in the case of gates of large span that it is found advantageous to modify the form of tho 
Inner curve so as to reduce the thickness or distance between the skins of each leaf from its centre 
to tho heel and mitre posts, in order to restrict the dimensions of the timber in these places. For 
this purpose two arcs are struck, one for each leaf, from centres which are near to each other, and 
with radii, which, while giving tho proper thickness in the middle, secure, at the same time, tho 
required diminution towards the ends. In this case, therefore, the inner curves would form a slight 
angle or mitre. In comparing this mode of construction with that of the straight-leaved gates, 
meeting at an angle, it is not intended to claim any advantage, either with regard to the amount 
of the strain brought upon the lock walls, or to the direction of it ; for with the same rise and span 
the amount and direction of this thrust will be the same. This is not the case with the sections, 
and consequently the weights of the gates ; for a considerable, not to say enormous saving, will bo 
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found in favour of (ho cylindrical form of gatc t even within the limit* of the ratios of rise to span, 
assigned by every-day experience. 

Before proceeding to exhibit thia saving by actual examples, and in a numerical form, a few 
remarks on the Btrains to which these structures arc exposed, and the mode of calculating them, 
will be advisable. In the case of the cylindrical gate, the pressure of the water being supposed to 
net on the convex tide will lie proportional to the depth, and in a direction normal hi the surface. 
It will induce a strain on the gate wholly compressive, so long as it retains its true form, and it will 
be uniform on every radial section in the snmo horizontal plane. Tho amount of this strain has 
been shown by Barlow to be the pressure on tho unit of surface, multiplied by the radius of curva- 
ture. This affords an easy method of calculating tho section required to resist this strain at any 
given depth. 

In the case of straight gates, however, there are two distinct strains to be considered ; first, a 
transverse strain, arising from the pressure of the water at right angles to tho surface, and similar 
to that on a girder uniformly loaded ; and secondly, a compressive straiu in tho direction of its 
length, produced by tho pressure of tho other leaf on its extremity. 

The transverse Btrain may be considered to arise from a central pressure, equal to half the dis- 
tributed pressure on the leaf, and calculated as in tho case of a girder ; while the compressive strain 
is equal to this central pressure, multiplied by the cotangent of the angle between the gate and 
the chord line, at the heel-post, or by the tangent of half the anglo at the vertex. Hence, if tho 
angle at the vertex is 90", the compressive strain is equal to tho central pressure on the opposite 
leaf ; if the angle is about 127°, or the ratio of the rise to tho span is 1 to 4, as in the gates of tho 
Victoria Docks, the compression is twice the central pressure; while in an extreme case, though an 
actual example, that of the ancient lock of Sparndnrn, where the angle is about 165$°, and the rise 
is ^ of the s|»n, the compressive strain is oight times the central pressure, or four times the total 
pressure, distributed over the opposite leaf. In calculating the strength of straight gates, a section 
must t>e provided, which is sufficient not merely to resist tho compressing and extending strains 
brought on the outside and inside skins respectively by the pressure of the water, but also the com- 
pressive strain due to the other leaf, a strain which has bceu shown to be considerable in amount, 
even in cases falling under ordinary observation. 

Tho noxt consideration is how and in what proportion tho compressive strain due to one leaf is 
distributed through tho skins. This, it is evident, cannot be determined accurately, for while on 
the ono hand the effect of deflection might be to relieve the outer skin of a portion of its share of 
the work ; on the other hand, the action of the hollow quoin, and the practice of making the joint 
of the meeting posts tight at the shutting sill and casing it upwards, would tend to increase the 
duty on the outer skin. It may bo sufficient for the present purpose to assume that it is equally 
divided, half going to increase the compressive strain on the outer skin, and half to counteract or 
neutralize the oxteusiou strain of the inner skin, an assumption which, at any rate, is in favour of 
the straight gate. 

For tho purpose of comparing tho quantity of material required under the two modes of con- 
struction for accomplishing tho same object, it will be convenient to take three cases ; — 

First, that in which the ratio of the height or the versed sine to the span is small, say 1 to 10. 

Second, that in which tho ratio is intermediate between the extremes, say 1 to 6. 

Third, that in which the ratio is large, say 1 to 4, as in tho case of tho gates of tho Victoria 
Docks. 

Since the pressure of the water varies with tho depth, it will be convenient in every case to 
consider a portion or element of the gate only bounded by two horizontal planes 1 ft. apart, and 
immersed at such a depth that the pressure per unit of surface = 1, say 1 ton a square foot. In each 
case the span will be taken as equal to 80 ft., and the thickness of the gate, or distance between 
the Bkins, as 3 ft. 

In the first example, that of the straight gate, the rise being of the span, or eqnal to 8 ft., 
the transverse strain in the centre of one leaf due to the pressure upon it will bo 6 39 tons, either 
of compression or extension. Consequently, the section to be provided, allowing 4 tons to the square 
inch for compression, and 5 tons per ineh for extension, must be 

G9*3 

-y- = 17*3 sq. in, on the compressed side. 

(>9*3 

— =— = 13*8 „ extended side. 

5 

In this case the tangent of the half angle at the vertex is 5 ; hence the compressive strain is twice 
end a lialf the distributed pressure on tho other leaf, or 40*78 x 2$ = 102 tons. Then adding half 
of this, or 51, to the 69*3 representing the compression due to transverse strain, and deducting it 
from the same quantity, representing the extension due to the same strain, two quantities result, 

namely, njj . 3 r which divided respectively by give 3.-; for tho areas of tho compressed and 

extended sides respectively, making in the aggregate 33*8 Bq. in. centre section. It must bo 
remarked that this assumption, that half the compression may In; regarded o« counteracting tho 
extension on the inner or extended side of the gate, could not m all cases with prudence be acted 
upon, for in many instances the thickness of the plates would be reduced to an impracticable extent 
or so ns to induce other inconveniences. It is a question whether the whole of the compressive 
straiu may not at times be borne by the compressed wot ion, and if ao a much larger aggregate 
section than that stated above would be required, in fact it would entail an addition of neurly 
70 i»er cent. The truth probably lies between tho two. At tho present time, that assumption is 
employed which is most favourable to the straight gate ; and tho wide difference in the results, 
according to the view taken, is stated as another illustration of tho great importance of taking this 
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compressive strain inln account, in calculating tlio section ami consequently the weight required. 
The section just obtained is tlio centre or maximum section. Before a correct comparison can Ihj 
inode with the cylindrical gate, the mean section must in- arrived at. To do this it must lx* rwil- 
lee ted that at the ends, where in a girder, H|K«king theoretically, the section of the flange* is 
vanishing, a lock gate must always have section enough to resist this com ureas ive strain, and so of 
every other section. Hence, if 10’2 tons be the compressive strain, and reckoning 4 tons per square 
inch, there must bo 25*5 sq. in., which with a centre section of 33*8 will give a mean section of 

^ ^ = 29-6 sq. in. This multiplied by the length 40-78 of the gato = 1207, which repre- 

sents the quantity of material, or weight in the element, or portion tinder consideration. 

In the cylindrical gate the mean section can be calculated from the compressive strain, which is 
equal to the pressure jer unit of surface (in this case, as in the former, taken at 1 ton a square foot) 
multiplied by the radius of curvature. The radius of curvature for the arc of a circle whom; height 
is 8 ft., and base or chon! line 80 ft., is 101 ft., ami reckoning 4 tons an inch for compression, the 
104 

section required is — - = 26 in., which is also tlio mean section. This multiplied by 41*02, the 

length of the arc representing one leaf = 1066, which represents the quantity of material or weight 
in tlio clement of the leaf. 

The quantities, therefore, Btand thus ; — 

1207 in the straight gate, 

1060 in the cylindrical gate, 

the latter exhibiting ft saving of more than 114 per cent. 

lu this case the ratio of the height or tho versed sine to the span is small, and is less favourable 
to the cylindrical gate than in the following examples. The calculation is given with some detail, 
that tile mode of conducting it and the assumptions may be clearly understood ; but ns the same 
method has been followed in the succeeding cases, the results may be more summarily stated. 

In the second example, iu which the ratio of the height to the span is 1 to 6, the suan being 
80 ft., the height 13*3 ft., and tlio thickness of tho gate, or the distance between the skins, 3 ft., 
there is in the straight gate a transverse strain in the middle of 74 '06, anil a compressive strain of 
63*25, requiring a mean section of 25 "35 sq. in., the compressive strain being supposed to be 
equally distributed in the two skins. Then 25*35 multiplied by 42*16, tho length of the leaf, gives 
1069, which represents the quantity of material ns before. In the cylindrical gate, the radius of 
curvature being 66-66 ft., the mean section is 16*66 sq. in., which, multiplied by 42*39, the length 
of the arc, give* 715, representing the Quantity of material. The quantities, therefore, are 1069 in 
the straight gate, and 715 in the cylindrical gate, the latter showing a saving of 33 per cent. 

In the third example, in which the ratio of the height to the span is 1 to 4, ns in the gates of tho 
Victoria Docks, the span being 80 ft., the height 20 ft., and the thickness of the gate, as before, 
3 ft. ; there is in tho straight gate a transverse strain in the middle of 83, and a compressive strain 
of 44 -7, requiring a mean section of 24*8 sq. in., which, multiplied by 44 -7 the length of the leaf, 
gives 1117 to represent tho quantity of material. In the cylindrical gate tho radius of curvature 
being 50 ft., the mean section is 12'5sq. in., which, multiplied by 46*36, the length of the arc, 
gives 580 to represent the quantity of material. The quantities, therefore, are 1117 in the straight 
gate, and 580 in the cylindrical gate, exhibiting a saving of 48 per cent. 

The following Table contains several additional examples, and exhibits a tolerably complete 
comparison of the quantities under the two points of view, through a progressive change in the 
ratios from 1 to 10, 1 to 9, and so on, to 1 to 2*60. 



Ratio Rise 
to Span. 


Vertical 

Angle. 


Trun*xrr»e 
Strain In tlte 
Centre. 


Compmri*. Straight U«te. 

Strain due 

to Opposite | Mean Quantity of 

ly-af. Section, i Material. 


Cylindrical Gato. 

Mean [ Quantity of 
Sirtioo. | Man-riaL 


1 to 10 


O i 

157 22 


G9-32 


102 29*6 


1207 


26 


1066 


.. 9 


154 58 


69*94 


92*3 ! 28 4 


1164 


23-6 


975 


.. s 


151 26 


70*82 


82*5 : 27*25 


1123 


21*25 


885 


.. 7 


148 10 


72-08 


72*9 26-25 


1092 


19 


801 


.. 6 


143 8 


74*06 


63-3 25*3 


1069 


16*66 


715 


.. 5 


136 24 


77-32 


53-8 24-8 


1011 


14-5 


640 


.. 4 


126 52 


83*33 


44-7 24*9 


1117 


12 5 


580 


.. 3 


112 38 


96 27 


36 26 


1250 


10 8 


552 


,, 2-66 


106 16 


104*15 


33 3 28 


1400 


10 4 


558 



It also shows that thin quantity reaches its minimum value in the straight gate when tho 
vertical angle is about 136°, and in the cylindrical gate w hen the angle is about 112 , i-orresponding 
to tho ratio of 1 to 8. A still more important fact is, that the absolute minima in the two eases 
differ ho considerably that, if the quantity in tho straight gate at that limit 1st represented by unity, 
the quantity in the cylindrical gate, at its minimum, descends to one-half or thereabout. 

It is to be observed that, in calculating the mcau section of the straight gate, no allowance has 
been made for loss of area by rivet-holes on the extended side, and since, in order to ensure the close 
fitting of the plates to render the gates water-tight, the rivets must lie placed closer together than 
in ordinary girder-work, a larger provision for cover plates should be made than is usual, tho 



Digitized by Google 




1251 



DOCK. 



difference, whatever it amounts to, being wholly in favour of the cylindrical gate. Again, the 
horizontal diaphragms, which correspond to the middle web in a girder, form a large percentage 
of the entire weight of the gates, amounting to 17 Jier cent, of the gates of the Victoria Itocks. In 
the case of the straight gate, considered ns a girder, it is the practice to neglect the middle web in 
calculating the sections ; hut in that of the cylindrical gate, where the strain in compressive, the 
ana of the horizontal diaphragms is clearly admissi I »le, and results in a large advantage if properly 
constructed with a view to this duty. Some advantage might also be claimed for the arched form 
of the skin plates in resisting pressure, as compared with perfectly flat plates; but as the deter- 
mination of the strain on the latter duo to this is not a simple problem, it will suffice to draw 
attention to the circumstance in general t* mis. 

In the course of the foregoing description of the gates of the Victoria Docks, allusion has lx*en 
incidentally made to another practical advantage of this form in affording greater facility for 
removing the roller, in consequence of its external position. In a straight gate this would not bo 
so conveniently effected, because its proper position is under the gate, and its diameter would also 
he thereby somewhat restricted ; while, on the other hand, the straight gate possesses the advan- 
tage of {x^rmitting a longer shaft to be mode use of. 

But a still greater practical advantage, and, next to the saving of material, the most important 
one arising out of tho cylindrical form, is the uniform thickness of plates in tho same horizontal 
section. This, of course, is in consequence of the uniform compressive strain on tho radial section. 
If tho comparison were between two girders only, ono having plates thicker in the middle than at 
the ends, and the other with a uniform thickness throughout tho length, thero would not be so 
much to remark upon it. It is true that in the case of the girder with bottom or top plates of 
unequal thickness, good workmanship requires the insertion of packing strijKS to ensure the even 
bedding of the angle-irons, but in lock gates the skins and diaphragms have hi lie put together so 
os to bo water-tight, and every joint has for this purpose to be covered with strips and to be c&lked. 
Practical men well know how difficult it is to accomplish this when plate* of different thicknesses 
come together. As the pressure upon the gate and, consequently, the section required, diminishes 
from the bottom upwards, the plates are necessarily reduced in thickness in a vertical direction, hut 
they remain constant in the same horizontal plane when disposed in the manner Bhown in tho 
caisson. Hence the difficulty alluded to has to lie contended with in one direction only, and can 
bo effectually overcome. But in straight gates it liecoines serious, and is further complicate*! with 
the cover plates on tho extended side, which would he converted into a species of very wide cover- 
ing strips running In a vertical direction up the gate, and by their thickness unduly adding to tho 
weight and to the risk of imperfect jointing. 

It must not, however, lie concluded that the inconveniences of the cylindrical mode of construc- 
tion have lieen lost sight of. No doubt the curved work entails additional cost in tho manufacture, 
and should only be e ntrusted to contractors of experience arid reputation. It also to u certain, but 
not to a large extent, diminishes the surface of heel-post in contact with the hollow quoin. It 
likewise, from the curved form and depth of tho gate-recess in the side walls, somewhat breaks the 
quay line, and, where the curvature is considerable, renders the application of fenders desirable to 
prevent the concave side of the opened gates from being run into. Most of these are, after all, 
insignificant objection*. The ttret, the cost of workmanship, is more than abundantly covered, by 
the great saving in material shown by oven the most unfavourable example. 

The Tyne Docks at South Shields . — The account that we give of those important docks is taken 
from a paper by T. E. Harrison, given in the Minutes of the Proceedings of tho 1. C. E-, 3rd May, 
1859. 

The docks are constructed on tho hanks of tho river Tyne, at the upper end of South Shields, 
on a large area called Jarrow Slake, which is covered with water at spring tides to a depth of from 
5 ft. to 8 ft.. Fig. 2484. The whole area of this slake, so covered, was about 330 acres, and of this 
quantity, 179 acres an? now enclosed by the works of the dock*. 

The area of water in the dock, a* executed, is 50 acres, the depth of the water being 24 ft. C in. 
at an average spring tide. The entrance basin is 9j acres in extent, with a depth of water of 25 ft. 
for a width of 200 ft. in the centre of tho channel, gradually shoaling to the sides. There is one 
entrance 80 ft. in width in the clear, and thero is a lock 300 ft. long by 100 ft. wide, with gate* 
00 ft. in width in the clear; the sills In each case are laid 24 ft. 6 in. below high water of an 
average spring tide; such spring tides having a lift of 14 ft. 6 in. Figs. 2485, 2486, and Figs. 2489 
to 2493, snow these arrangements, and also sections of tho locks. From aoourate observations taken 
at each tide for two years, it appears that there would only be sixteen days in the year in which a 
vessel, drawing 20 ft. of water, could not go out. 

The contract for tho execution of the whole of the works, as designed by T. E. Harrison, tho 
engineer-in-chief, was let to James Gow in June, 1853. The works were commenced in July, 1855. 
Tho foundation-stone of the masonry of tho looks was laid in September, I860; and the water was 
let into the docks in December, 1858. The first vessel entered in January, 1859, and the docks 
were formally opened for general traffic on the 3rd of March, 1859. Tho works were executed uuder 
the immediate superintendence of Robert Hodgson, resident engineer. 

The total quantity of excavation in the docks was 1,783,452 cub. yds., and in forming the standage 
ground 281,305 cub. yds. The total quantity of masonry of nil descriptions was 2,900,000 cub. ft. 
The whole cost of tho works up to the date of the opening for publio traffic was 440,479/. 9*. 8t /. 
This sum included nil the standage and railway approaches, the shipping jetties, the purchase of 
land, and nil the dock works, but it excluded }mrlian)cntary and other charges, exclusive of 
engineering. 

The first point of engineering interest is the nature of the foundations. A series of careful 
borings showed that though there was in place* a very strong stony clay resting on tho coal- 
measures, yet that this clay was only partial, and that it dipped suddenly away. Within a few 
yards of the clay bed, borings were made to a depth in some places of 70 ft. and upwards, through 
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the rntiil or «lako deposit, without reaching a solid bottom, showing that not only tho clay hnt tho 

coal-measures were gone. 

The first opemtion in the construction of tho works wrb to form a large culvert, 5 ft. in diameter, 
round tho head of the works. This served to keep tho works clear of upland water during their 
execution, and will permanently carry off all tho land waters. The bank F <4 H, Fig. 2484, was 
then formed, and a small portion of tho upper end of tho slake was thus enclosed. With the mate- 
rial excavated from this portion of the work, which wos portly cloy ami partly slake, and also with 
tho clay excavated in forming the standage ground above, tho bank I K L was formed to meet tho 
dam M N run out from the alkali-works. This dam had also a temporary timber jetty, fitted witli 
steam -cranes, and lines of railway on it, to enable the Jarrow Chemical Company to carry on their 
works during the construction of tho docks. After those dams were completed, the water was run 
off by sluices, and no difficulty was experienced from water during tho execution of the works. 



Shortly after the first course of masonry of the foundations was laid for tho north or 60 ft. lock, 
Fig. 2486, tho fioor was observed to rise 3 in. very regularly, uud forming a point. A boro-holo 
was put down, and on touching tho stone head through 7 ft. of hard clay, a strong fooler of water 
came awuy. A pipe was put into the hole, and the water rose in it 13 ft. above tho level of tho 
foundation, rising and falling about 3 in. with tho tide. Tho height to which tho water rose was 
about the level of low water in the river, and it was clear no permanent injury could result when 
the works were completed. The bore-hole was, therefore, kept open, and similar holes were made in 
other places, and allowed to remain open during the progress of the works, being only closed tip a 
short time before tho water was let into tho docks. Tho flooring of tho lock went back partially 
after the hole hod been opened Homo days. It was then heavily weighted with stone, and nearly 
restored to its original level. The masonry was bnilt on the flooring originally laid, very few 
stones being taken out ; and it has since shown no sign of settlement. 

It was proposed to build a quay wall from P to O, Fig. 2484, opposite to the alkali manufactory. 
There being no clay at this pArt, it was intended to have built tho wall on a strong foundation of 
piles, driven down to the stone head. Bnt in forming the excavation to put in this foundation of 
piling, it was found that tho slake would not boar the weight of tho bank behind it, unless at a 
slope of 1 to 5. As so flat a slope was inadmissible, the plan adopted for overcoming the difficulty 
was by weighting the top with gravel, easily obtained from tho old ballast hills at South Shields, 
The toe of the slope was thus forced out, and it was not an unusual thing to «oo the whole of tho 
rails and vrngons on the top gradually sink 10 or 12 ft. in a quarter of an hour: the toe of tho 
slope nt tho same time rising and turning over rails and wagons in all directions. It wos not until 
150,000 tons of gravel had been deposited that the whole came to a state of rest. Tho slope is at 
present 1| to 1. It is pitched with stone, and rests at tho bottom on a strong row of pile*. It can 
now bo easily rendered available for qnay purposes by the aid of timber when required. 
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Elevation and Cross-section of River Don Timber Wall, I K. 



Tho extent to which the dock is wallod is shown on the plan, 
Fig. 2484. The foundations of thee© wall# rest in all case# on clay. 
The other side# or boundaries of the dock are of mud or slake with a 
alupe of 1 in 5, partially pitched with atone. The mud or slake forma 
a good puddlo, and can bo worked very readily in dry weather. 
Fortunately the weather was remarkably nno during nearly the whole 
time of tho execution of the work#; had it been otherwise, the com- 
pletion of tho work# would have been much delayed, and tho con- 
tractor would have been put to additional cost, a# a few days' continu- 
ance of wot weather sufficed to stop the work of excavation. 

Beveral of the timber jetties for tho shipment of coals are founded * 
on this mud or slake. Experiments as to the bearing capacity of the 3 
slake were nutde by putting on tho surface a bod of concrete 10 ft. 
square, and gradually loading it with iron. The result was, that with 
a load of 7 cwt, to the superficial foot no settlement took place ; but as 
soon as that weight was exceeded the whole began to sink. The foun- 
dation# of the jetties were, therefore, laid on a wide-spread base of 
concrete with timber sills, care being taken not to exceed a pressure of 
5 ca t. to the superficial foot. 

The position in which tho entrance to the tidal basin is placed 
with reference to tho course of tho river, dcsorvea attention. Tho 
river wall, which is constructed of creoaoted timber, forms a curve of 
2135 ft. radius. Plans, sections, and elevations of this wall ore given 
in Figs, 2494 to 2498. Immediately below the entrance there was a 
bed of hard clay running out into tho river. This has boon entirely 
removed by dredging, and the flood and ebb tide now take their course 
ns nearly as possible over tho same channel, guided by the concave 
river wall, thus always ensuring a full depth of water opposite the 
entrance. In tho caso of tho Northumberland Docks, which are on tho 
op)iosite convex shore of the river, constant dredging i# requisite to 
maintain the necessary depth of water at the entrance. 

Tho dock gate#, Figs. 2499 to 2509, may be noticed very briefly, as 
they are built on tho model generally of those of the Victoria (London) 
Docks, which have been already described. Tho only point of difference 
is that the Tyne Dock gates are curved at the bottom, both on plan and 
in section, tho pivot for the heel-poet being raised 3 ft. 6 in. above tho 
level of tho sill. Fig. 2506. This mode of constructing Dio lock Las its 
advantages, as by placing tho pivot so high, there is lea# danger of 
anything lodging behind tho heel-post. The construction of the invert 
of tho lock is likewise very strong, as it is carried directly through 
from the end of the poiutiug sills. It has also its disadvantages, as it 
involves tho necessity for sorno largo and rather intricate masonry ; but 
in this case there was every facility for executing any description of 
stonework. Some little trouble also arises in fitting accurately tho 
doubly-eurvod wood sill# to tho doubly-curved masonry ; but this was 
successfully accomplished, and the sill# arc perfectly tight. The alter- 
ation suggested by Kingsbury, in tho mode of fixing the hcol and 
mitre posts, is an improvement; as some little difficulty was expe- 
rienced in making the gates water-tight at these point# to ensure 
flotation. As soon as tho gates were sufficiently advanced, they were 
gradually filled with water, and as tho water roso tho slightest defect 
was immediately observed and remedied. A gnat advantage un- 
doubtedly arises from the use of wrought-iron dock gates, as from 
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their flotation, the weight on the rollers may l>o adjusted at pleasure. Instanees aro not wanting 
in gates with a largo proportion of east iron in them, where the rollers had to be renewed within 
a few years, owing to the great weight on the rollers, and thn consequent rapid destruction of 
them. The ex)x nse of these renewals has often been very serious. 

The sluices are nil made to work with brass against brass. The sluices at Hartlepool were so 
constructed by ltennio, and on examination a short time ago they were found to be perfect. On 
the other hand, the sluices at the Monkwearmouth Dock, whero brass worked on irou, were com- 
pletely destroyed after being in use about eighteen years. 



24 so. 




Cross-section A B. 



2491 . 




2492 . 





The dock gates and sluices are arranged to be worked either by hand or by hydraulic power. 
Where hydraulic power is used for dock gates or for Bluices, it is essential to have the power of 
working f>y hand when required ; and circumstances have already arisen showing the necessity for 
tbo occasional use of hand -power. 

As a largo quantity of muriatic acid was constantly discharged from the alkali-works during 
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the construction of the docks, the tidal water was allowed to flow in a canal as far up tho face of 
the alkali-works as the point where the acid was discharged. In order to provide for tho perma- 
nent discharge of this acid, a large tank capable of holding 10,000 gallons of water, formed of 
creosoted timber, has been constructed at tho mid of tho dischargo pipes from tho works. From 



3494. 




Hirer Wall. 



thia tank, fireclay pipes boiled in creosote 
are laid to the edge of the quav of tho 
dock basin, and from thence to the point 
of discharge, 2 ft. below the level of low 
water in the bed of the river, square 
taxes of earefully-croosotcd timber are 
laid. Many experiments were made 
during the progress of tho works to as- 
certain what would best resist the de- 
structive action of tho muriatic acid, and 
nothing was found to bo more successful 
than the plan adopted. The acid being 
now discharged on the ebb tide, is carried 
away in so diluted a state as not to pro- 
duce any injurious effects. * 

A branch line of railway is laid down 
to the level of tho dock quay, and all ^ 
round the docks, in order to afford facili- 
ties for any description of traffic. * 

Tho primary object of tho construc- 
tion of toe Tyno Docks was to provide 
accommodation for tho shipment of tho 




Cross-section L M, 



Elevation of Kiver Wall. 



large quantity of coals brought to South Shields from tho coal-fields of Durham and North um be r- 



Tho cool trado of the northern coal-fields has been gradually increasing for many years |mst. 
Tho quantity of coals shipped in the river Tyne in the year 1858 amounted to 4,181,000 tons; of 
this amount, 1,203,524 tons, or nearly 20 percent., were shipped by tho North-Eastern Railway Com- 
pany at South Shields. Tho total quantity of coals shipped at all the north-eastern ports in tho year 
1858, between the Blyth and tho Tees, was 9,800,000 tons; of this amount, 3,005,785 tons, or rather 
more than 30 per cent., were shipped at Shields, Sunderland, and Hartlci*oo), by the North-Eastern 
Railway Company. The facilities for shipping at South Shields at tho command of the North- 
Eastern Railway Company, bavo for Borne time been bo limited, that it has been necessary to work 
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night find day throughout the wholo year; ami oven then the requirements of tho trade could not 
bo satisfied. 

As the method of shipping coals has undergono many changes during the last forty-seven years, 
it may not bo uninteresting to give a brief account of the various modifications which have been 
made. 

For many years on the Wear, and in those cases on the Tyne in which the vessels could not b© 
loaded direct from the colliery railway, tho coals were brought down to the edge of the river in 
wugong, and there put into keels, which were broad, flat-bottomed barges, each containing a keel 
of cools, or 8 Newcastle chaldrons, or 21 tons 4 cwt. 



On the river Tyne there were many collieries having communication by railways to shipping 
places where vessels could load, as in tlie case of tho Walls-End Colliery. The mode of shipment 
was by spouts, in their general principles similar to those adopts! at the Tyne Docks: but without, 
for a long time, any arrangement for meeting the difference in the level of the tide and in the size of 
the vessel. When keels were used, the coals were brought down in them to where the vessel lay 
in the river; and they were then cast into tho vessel, through the port-hole, by the kcclraen. This 
system still exists, to a limited extent, on both rivers, in the case of those collieries not having tho 
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means of direct railway communication to a place of shipment. When in full operation, before the 
general introduction of railways this system gave employment to a remarkably flno body of men, 
known ns kec linen. 

The first innovation on the spout system took place in the vear 1812, when a cool-drop was 
en-ctwl at Pelnw Main Sjtnut, on the river Tyne, by I ten jam in Thompson, and further improved 
by him in ISIS. The principle of this mode of shipping coals hud been previously patented by 
William Chapman, of Newcastle. Tho drops, ns erected by him in 1813, have been generally 
followed, w'ith various modifications. The principle of all thtwc drops is, that the loaded wagon 
in its descent raises a counterbalance weight, and when the coals are let out of the wagon, tho 
counterbalance weight brings the wagon back to its previous position, the whole being under the 
control of powerful brakes. 




2608. 



The first change on the keel system took place on the river Wear in the year 1817, when, in 
order to avoid the breakage to which the coals were subject by transhipment first to the keel and 
then from the keel to the ship, a system of tube fitted into the keels was inveuted by William 1M1. 
The chnldron wagons were lowered immediately over the keel, and then dropped into the tula. 
The tubs were then conveyed in tho keels to Sunderland, and transferred by tho machinery to tho 
vessel. This system of machinery was invented and constructed by Burlinson, of Sunderland, in 
the year 1817. who also, in 1825, erected the machinery which is still at work at Sunderland. 

W illiam Chapman also invented a floating barge, which was fitted with a steam-engine and 
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machinery, by which the tubs were transferred from the keel to the ship. This was nsed for some 
time, but it was found to be very unwieldy, and was therefore superseded by the fixed machinery 
on land. 

In determining the system to be adopted in the Tyne Docks, the question Ibv between drops, 
by which the wagon would l>o lowered directly on to the deck of the vessel, and a system of sjtouts, 
with more perfect appliances for preventing the breakage of the coals. After mature deliU’ration, 
watching carefully the best-constructed sjtouts. and considering not only what existed but what 
luight be done, it was decided to adopt the system of shipping by spouts. 

The variation in the level of the dock of a large American ship when light, and at high water 
of a spring tide, and in the level of the deck of a small vessel loaded at a neap tide, is 20 ft., and it 
was necessary to provide for this difference. See Keels and Coal Shipping. 

Figs. 2510 to 2513 illustrate O. It. RctuiiFt Iron Floating Dock, constructed for the port of Ferrol 
on the Atlantic. Such docks serve the same purpose as the ordinary graving docks. 

The total length of this dock, Fig. 2510, i« 350 ft.; the breadth of the base 105; the height 
from the fioor to the deck of the side walls 37 ft. G in. Thus, allowing 5 ft. for the keel-blocks, 
and 2 ft. G in. between the top and the highest water-level, there remains 30 ft. depth of water for 
the admission of ships. The total displacement of water by the base is 13,000 tons, the weight of 
the whole dock aUmt 5000, thus leaving a surplus of 8000 tons for lift. The dock is constructed 
in tho following manner; — The section shown in Fig. 2510 is that of the whole length of a dock, 
and is cornpoaea of plate, angle, and T iron, riveted together so os to form one structure. The base or 
pontoon of the above is 12 ft. G in. deep, divided into two compartments by a water-tight bulk-head 
running the whole length of the dock. Each of these is sul divided into smaller compartments by 
ten transverse bulk-heads, forming eleven water-tight chambers on each side. Figs. 2511,2512. 
The side walls an* also divided by a similar number of transverse bulk-heads. The upper part of the 
side walls is composed of air-tight chambers of a capacity rather exceeding a volume of w ater whoso 
weight is equivalent to that of the dock. These serve the purpose of preventing the dock sinking 
below a certain level. The base is again divided and strengthened by open lattice girders of an I 
form, of a length equal to the breadth, and depth equal to the depth of the base or pontoon. They 
are about 5 ft. apart. On commencing the work, two of these girders wore tested with a weight of 
200 tons without any perceptible deflection. • Tho base is further strengthened longitudinally by a 
system of diagonal bracing. There are thus, including the outside plating, nine elements of strength 
in a longitudinal direction in order to distribute any inequality of weight that may occur through 
irregularity in the keel or weight of the shin. Tho floor of the dock, Fig. 2513, is covered with 
3-in. teak planking, upon which, supported by every third girder, is a solid teak beam of 2 ft. 
square running from side to side. These beams supiKtrt the keel-blocks and movable bilge block- 
ing-pieces, with ruck and pawl. On the middle of the intermediate girders the ordinary keel- 
blocks are fixed. 

The Arrangement for Sinking, Filling , and Pumping out . — On either side of the dock, near tho 
centre at the bottom, are two large sluices. These admit the water into a small reservoir or dis- 
tributing chamber, from which wrnught-iron pipes 1 ft. 0 in. diameter lead, one to each compart- 
ment. These pipes have sluices or cocks fitted to them, which are worked by hand from the top 
of tho dock, so as to be always available and capable of regulation by tho man in cliarge. The 
depth of water in each compartment is determined by an ordinary gauge. Four pumps are placed 
on each side, having 2 ft. I* in. stroke, and 2G in. in dianioter. and worked by a pair of high-pressure 
steam-engines, with cylinders of 18 in. diameter and 2 ft. stroke of piston. The pumps are reduced 
in speed in the proportion of 2 : 1 by means of gearing. Four powerful capstans and mooring 
bollards are fixed at each end of the dock for moving or mooring it ad libitum. 

The dock is worked as follows;-— Suppose it empty, and the floor well above the level of the 
water, the sluices at the side are gradually opened, and water allowed to flow into the different 
compartments. The dock will then commence sinking, care being taken by watching the gauges 
so to regulate the supply of water that it may sink uniformly and gradually. When the dock is 
sufficiently deep to take in the required vessel the sluices are closed, the vessel hauled over the 
keel-blocks, and the breast and other shores applied, while tho engines are set to work to pump the 
water out. Thus for every ton of water pumped out 1 ton of dock and ship is lifted. This opera* 
tion is continued until the floor of the dock is well out of the water, as shown in Fig. 2511. Faint- 
ing, examination, or repairs, can then be performed with facility. The manifest advantages of this 
arrangement nre; — First, the adaptation of breast shores, which those accustomed to docking large 
vessels well know the importance of, for steadying ships when they begin to rest on the keel-blocks. 
Secondly, the longitudinal stiffness obtain'd by the hi<le walls, so that any undue pressure arising 
fmm irregularity in the keel of the vessel is thereby counteracted, the height of keel-blocks being 
regulated as usual bv wedging up. Thirdly, the facility of moving tho dock should it Ik* required. 
Fourthly, the simplicity of the action of the dock, and its non-liability of getting out of order. 
Fifthly, entire independence of the rise and fall of the tide, and thus readiness for docking or un- 
docking at any moment. Suppoee, for instance, either from action in battle, or derangement of the 
sea-cocks, or of a hawser round the screw, ships run into Spitlu-ad, Portland, or Plymouth, to l»e 
docked, and have to wait for the tides as usual, serious inconvenience might result : whereas if a 
floating dock were fixed at any of the above-named or other ports, they would run in, and not bo 
required hi discharge stores or cargo, and in two or three hours be in a position for examination ; 
and from the now universal introduction of steam for ships, these slight derangements, which cun 
he often remedied in an hour or so, not unfreqtiently occur. Should, however, it l»e found that a 
repair of some weeks or so would Ik* required for the vessel, the dock being thus in use would not 
be available ns above described. To remedy this, Rennie contrived a floating hnsin ami a railway 
for Cnrtlmgcna. It is designed for the especial purpose of hauling the dock with the vessel upon 
it into the basin, and conveying the vessel from the dock on to a horizontal slip or way, and thus 
leaving the dock available for other vessels. 
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An iron floating dock for Bermuda lias l>eon recently constructed by Campbell, Johnstone, and 
Co., of North Woolwich. This dock is capable of docking shi|is of tho Bcllcrophon class when 
waterlogged ; it is fitted with a caisson at each end, and has a double bottom and aides 2U ft. ajmrt. 
The principal dimensions are as follows ; — 



Feci. 



Length over all 381 

Length between caissons 330 

Breadth over all 124 

Breadth inside of dock .. 84 

Depth over all 72 



It is divided longitndinally into eight water-tight compartments on each sido of the keel, and 
each of these is again divided into three smaller compartments, not water-tight. Transversely it 
is divided into three compartments on each side of the keel, called, respectively, the load-chAmber, 
balance-chamber, and air-eliambcr ; those chambers being water-tight and distinct from each other. 
Fig. 2514. 

The dock, when not in use, lias its chandlers empty, with.the exception of the air-chambers, in 
which a quantity of water is always kept for supplying tho pumps to fill the load-chambers when 
required. 

Tho process of docking a vessel may be described thus; — Tho load-chamlicra are first filled by 
pumping engines fitted on the top of tho dock, and having suction-pipes leading into tho air- 
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chambers. After this has been done, the valves fitted 
at the lower part of the balanee-ehamber and com- 
municating with the sen are opened, and the chambers 
filled, this operation sinking the dock to such a depth 
that, by owning valves flttisl through the caissons, 
water can bo run into the dock in order to bring the 
contained water to tho same level as the water on 
the outside, when tho caissons can b© taken out, and 
there will be a depth of 27 ft. of water on the blocks, 

Fig. 2514. 

Tho ship having been brought over the blocks, the 
water in the load -chambers is allowed to run out, and 
the balance-chain here partly emptied, if required. Fig 
2515; the ship is now breast-shored, and tho caissous 
put in place, after which tho water remaining in tho 
dock is run into the air-chambers, os shown at Fig. 2516, 
by means of valves fitted in the bottom of the dock, in 
which state the dock remains until the vessel is ready 
for undocking. Should the vessel not lie exactly in 
the centre of the blocks, the dock is brought perjs-ndicular by letting a portion of the water out 
of the balance-chamber on one side or the other, os tho case may require. 
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To undock the vessel, 
water is run into the dock 
through the valves in the 
caissons, and the Isdanco- 
chambers filled un, this 
bringing the dock into 
tho position shown in 
Fig. ‘2517, with the ship 
afloat; the caissons are 
then taken out, when tho 
vessel may be undocked. 
To bring the dock again 
ready for use tho water 
in the air-chambers is 
| nun j Mil into the load- 
chambers and run into 
the sea, in order to allow 
the dock to be emptied 
into tho air-chamber. 
Fig. 2518 shows tho dock 
heeled over, in order to 
clear or repair the bot- 
tom. 

In docking small ves- 
sels tho dock has suffi- 
cient buoyancy to lift 
them quite out of tho 
water, when the caissons 
would not be required. 
The inventor also pro- 
poses to make pontoons 
c»|iablc of carrying light 
vessels to fit the inside 
of the dock ; these pon- 
toons he Binks in tho 
dock, anti after bringing 
the vessel over it, tho 
dock is raised and tho 
water let out of the pon- 
toon, when the dock is 
again sunk, leaving tho 
pontoon afloat with tho 
vessel on it; by these 
means a number of ships, 
corresponding to that of 
the |K>ntoons provided, 
might bo repaired at tho 
same time. 

Edwin Clark* a Ilydmu- 
lic-lift Dock , Figs. 2519 
to 2523. — Clark, under 
tin- direction of Robert 
Htephenson, designed tho 
machinery, and superin- 
tended the raising of tho 
tubes of the Jlritanuin 
and Conway tubular 
bridges; and it required 
but trifling ingenuity to 
apply tho process em- 
ployed to raise those 
tubes to the lifting and 
docking of vessels. 

The site selected for 
one of those hydraulic- 
lift docks was a plot of 
2G acres of level land, 
lying between the Vic- 
toria Docks and the 
Thamcg, and below the 
level of high water. This 
site admitted of a direct 
entrance from tho docks, 
with a permanent water- 
level, without tho cost 
and delay of a special 
entrance from tho river. 
Tho soil is a deep bed of 
bog and alluvial mud, on 
a substratum of gravel. 
The only excavation ne- 
cessary was tho lift pit, 
and its deep entrance to 
the dork, where a coffer- 
dam was employed. 
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The depth of water in the lift is 27 ft. ; over the remaining water spare it is only C ft., which is 
the maximum draught of the pontoons. In this shallow-water space there are eight pontoon 
bertha, «e|ia rated by jetties for workshops and access ; each borth being GO ft. wide, nnd from 
300 ft. to 400 ft. long, nnd surrounded by brick retaining walls. The bottom was covered with a 
level layer of peat clay, to 
prevent leakage to the gravel 
beneath. A sluice through 
the surrounding bank ren- 
ders it easy, at low water, 
to empty tho whole of the 
space ; but when this is done, 
a dam must necessarily 1 k> 
thrown nrrosa the upper end 
of the lift, to cut ofl access 
to the Victoria Docks. The 
ana of shallow water is 16 
acres, aflbnling sufficient 
space for floating fifteen or 
twenty pontoons, which, it 
was estimated, was about the 
number thnt might bo kept 
employed by a single lift. 

The docking of a vessel 
consists of two distinct ope- 
rations. First, the direct 
mising of the weight on the 
lift : second, the transporta- 
tion of the vessel to nny con- 
venient jiobition for its re]»air 
on the pontoon. 

The lift is a direct me- 
chanical appliance for rais- 
ing the vessel by means of 
hydraulic presses. It con- 
sists of two rows of cast-iron 
columns, each f> ft. in diame- 
ter at the base, nnd 4 ft. in . 
diameter above the ground- 5 
level, and sunk nl*»ut 12 ft. 
in the ground. The clear 
space between the two rows 
is GO ft., nnd the columns 
arc 20 ft. apart from centre 
to centre, and arc placed on 
each side of the excavated 
lift pit, in about 27 ft. of 
water. There are sixteen 
columns in each row, giving 
a length of 310 ft. to the 
lift ; but, as vessels may 
overhang at each end, there 
is a practical working length 
of 350 ft. The columns were 
sunk in the usual manner, 
three or four l>cing thus fixed 
each week. When the mini- 
site depth was attained, the 
base was filled w ith concrete, 
and covered with a layer of 
2-inch planks, to act’ as a 
cushion for the cast-iron scat 
on which the pres* rest*. 

No great accuracy of posi- 
tion is required, as the stw- 
I tended load tends to bring 
all the columns vertical, and 
if anv column should, during 
use, \>o even sensibly thrust 
deeper into the soil, the ram 
follows its work, independent 
of the level of the press. The 
columns. Fig. 2523, support no weight, but act solely as guides for the cross-heads of the presses, 
which move in slots reaching from the top of tho presses (just clear of high water) to the top of the 
columns. Tho column is covered by a cap. Fig. 2519. and each row is firmly connected together 
at the top by a wronght-iron framed platform, running from end to end of the dock on each aide. 
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This platform forms a convenient permanent scaffold for raising tiie nuns. The whole length of 
a column is 68 ft. 6 in. A scale is printed on each column to register the motion of the cross-heatls 
while rising or falling. 

The proMHCs and girders are managed as follows ; — Rich column encloses a hydraulic press of 
10 in. diameter, with a length of stroke of 25 ft.; the top of tho press is just clear of the highest 
water, and it is kopt in place by a collar or diaphragm in the column. The rams are solid, and 
each carries a boiler-plate cross-head 7 ft. 6 in. long, thus extending 1 ft. 9 in. Iieyond the column 
on each side. From tho ends of the cross-head aro suspended, by wrought-imn bars, two iron 
girders, each 65 ft. long, which extend entirely across the lift to the corresponding column and 



press on the opposite aide. There aro thus sixteen pairs of susf tended girders, lying at the Imttom 
in 27 ft. of water, when tho presses are lowered, but rising ahove the surface when the presses are 
raised. They form a largo wrought-imn platform, or gridiron, which can bo raised or lowered at 



pleasure, with a vessel upon it. The detail of the machinery is identical with that employed 
at the Conway Tubular Bridge ; and those who saw that bridge raised have only to imagine thirty- 
two tubes side by side instead of two, and they will have a perfect representation of the lift. The 










main girders are 5 ft. 9 in. deep, of wrought iron, trussed with a cast-iron top 9 1 J I 
flange. The sectional area of each nun being 1 00 circular inches, n pressure 1 1 * * 1 

of 2 tons to the circnlar inch gives 200 tons os the lifting power of each proas, BJ| L 

or P4O0 tons for the whole lift; but to find the Available lifting |*>wer, there Ltd fl 

must bo deducted 620 tons, which is the weight of tho rams cross-head, chains, siDfe 

and girders, leaving 5780 tons for the pontoon and ve ss e l. The presses worn 1 - * 

tested at 2| tons to tlie cireulnr inch. The girders are designed for carrying tho concmts , 

vowel as a kind at the centre, although the load is distributed by the pontoon, ^ -■■ul 1 * — 

and the wide base used for the blocks. The water is forced into the presses y® 

immediately i>eneath the collars at the top, this being an accessible position. 

The grouping of the presses was an important consideration. If each press were worked 
entirely independent of its neighbours, it is evident that precisely the same quantity of water 
must be thrown into each press to avoid unequal strain. Again, if the whole number were sup- 
plied from a common head, the slightest excess of weight at any jmrt of the platform or gridiron 
would lower that part, the water passing back through the pipes to the presses where less pressure 
existed ; the same difficulty would be experienced with two groups, however arranged. Stability 
is, however, secured by arranging the presses in three groups. One-half of tho whole number, 
occupying the upper half of the lift, form one group, consisting of sixteen presses. Tho remaining 
eight presses on one side form a second group, and the opposite eight form the third group. 

The presses in enrh group are all connected, so that perfect uniformity of pressure is secured in 
each as regard* the individual presses, while the three groups are so arranged that their centres of 
action form a tripod support, upou which the pontoon is seated. As any one point of the tripod 
may be raised or lowcrwi without regard to the other two, by the most simple manipulation, the 
pontoon can be either maintained perfectly level, or any inclination can lie given to it that may bo 
desired. 

Any pair of presses may be instantly cut off in the valve-room by means of a plug, during tho 
operation of lifting, without interrupting the process. One or more of the end pairs is almost 
invariably out of use, except with vessels of the largest class. No delay, therefore, arises from tho 
failure of a collar or pipe, and even should a press burst, the water can only escape slowly through 

4 m 2 
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the J-in. pipe which feeds it ; and by opening the cocape-valves in the other groups, vessels, partially 
raised, descend slowly and steadily into the water. 

The force-pumps are 1J in. in diameter. There are twelvo pumps, worked bv direct action by 
a 50-horec-power engine ; six of these pumps are used for the large group, and three pumps for 
each of the smaller groups. The power when required is increased by cutting off one or more of 
the pumps. The engine-house is, unfortunately, 112 yds. from the lift, the water having to be 
driven all this distance through pipe* only $ in. in diameter. On account of the distance of the 

engine, a valve-house, for the manipulation of the presses, is erected on the platform alongside 

the lift. During an operation the engine continues to pump, and the valve-man throws the water 
into either group, or to waste, at pleasure. The raising of a vessel occupies aland twenty-five 
minutes. The pipes and presses are, to a considerable extent, sheltered from frost by their posi- 
tion, nnd during the severest cold a few occasional strokes of the engine are found sufficient to 

keep all in motion, and prevent congelation. 

The pontoons are not essential for raising or docking a single vessel, for it is evident that the 
lift, as described, is all that is required for that purpose. The girders might be connected together 
by other longitudinal girders, ho as to form a sufficiently rigid platform; or tho whole might bo 
formed into a pontoon, which would support a vessel after it was raised. 

The following is the arrangement adopted ; — An open pontoon, proportioned to tho size of tho 
vessel to be docked, iB selected. Keel-blocks and sliding bilge-blocks, adapted to her shape, form 
part of the pontoon, which is placed on the girders, and sunk with them to the bottom of the dock. 
Tho vessel is brought between the columns, and moored securely over the centre* of the pontoon. By 
lifting tho girders the keel-blocks are first brought to bear under the keel of the vessel ; the side 
blocks are then hauled in, by chains laid for the purpose on each side the dock, ami the gridiron 
and tho pontoon, with tho vessel upon it, arc then all raised by the presses clear of the water. The 
pontoon is provided with valves in tho bottom, and thus empties itself of water. The valves are 
closed, and tho gilders again lowered to the bottom, but the pontoon, with the vessel upon it, 
remains afloat. Thus, in about thirty minutes, a vessel drawing 18 ft. of water is left afloat on a 
shallow pontoon drawing only 4 ft. or 6 ft., and may be taken into the shallow dock prepared for 
its reception. These docks are surrounded by workshops and tools, with shelter for the men close 
up to tne bulwarks of the ship. The vcsboI is, in fact, brought bodily into the centre of a conve- 
nient workshop. It is taken to the smiths', or the carpenters', or tho machine shops, according to 
the nature of the repairs required, ami is moved easily from one to the other. 

Tho number of vessels that can be thus docked is limited only by tho number of jiontoona. each 
pontoon constituting a serrate and independent dock. The pontoons, which are all about 58 ft. 
wide, vary in length and depth according to the class of vessel intended to be docked, and are rect- 
angular in form, and open decked. The sides are vertical, and arc strengthened longitudinally 
and transversely by wrought-iron girders, running from side to side, and from end to end, nnd thus 
forming a series of rectangular divisions. The pontoons are divided into water-tight compartments 
by means of bulk-heads formed of the girders, each compartment being provided with a circular 
valve in the bottom, closod by a screw-shaft. Tho transverse girders are 8 ft. apart, ami supjxirt 
the bilge-blocks on their upper flanges. In the largest pontoons these girders form inclined planes, 
declining in height towards the centre, to facilitate the running in of the block-frames. There is a 
strong longitudinal centre girder, with a broad top flange, for supporting the keel-blocks; on each 
side, the two other longitudinal girders ore placed equally distant, and in the lino of the side blocks. 



Table I. — Dimensions or Dby ob Graving Docks. 



Name or Number or Dock. 


length In 
Bludaat 
Bottom of 
Dock. 


I^ength at 
Top of 
Dock. 


Width of 
Entrance. 


Depth of 
Water 
on Sill at 

0. W. H. 


Depth of 
Water at 

O. H. M. 
Neap 


“ Remarks. 


Portsmouth. 


ft. 


in. 


ft 


In. 


ft 


in. 


n. 


in. 


ft 


in. 




No. 1, South harbour dock 
„ 2, South-east basin dock 


228 


8 


253 


G 


57 


7 


20 


3 


1G 


3 


Number of building slips— one of 


221 


G 


252 


10 


63 


4 


24 


0 


20 


0 


lBt class and four of 2nd class. 


„ 3, South basin dock .. 


275 


2 


287 


1 


fi 7 


G 


25 


6 


21 


G 




4, Middle basin dock .. 


279 


3 


28G 


3 


t*7 


G 


21 


9 


17 


9 




„ 5, Middle basin dock .. 


208 


3 


227 


2 


55 


4 


20 


3 


1G 


3 


Being made 4 ft. 3 in. decj>er. 


., fi, Harbour dock 


189 


8 


220 


1 


52 


11 


20 


0 


1G 


0 


” Double docks .. 


644 


10 


044 


H 


80 

88 


5 

6 


25 

27 


G 

0 


21 

23 


6 

0 




„ 8, South inlet dock 


302 


10 


883 


5 


70 


0 


22 


9 


18 


9 




„ 9, Dock 


253 


4 


283 


2 


G4 


11 


21 


9 


17 


9 




; „ 11, North inlet dock .. 


400 


0 


42G 


0 


70 


0 


25 


9 


21 


9 


In course of construction. 


Devonfort. 
























No. 1, Basin dock 

- M 


2GG 


0 


299 


0 


65 


0 


27 


10 


23 


4 




415 


G 


437 


0 


73 


« 


31 


1 


27 


7 


/ Two old docks being altered into 


* •>,/ 














\ one. New one (constructing). 


„ 4, 


209 


r» 


241 


2 


56 


2 


20 


4 


15 


10 


” 


2G3 


4 


275 


10 


G4 


0 


20 


7 


16 


1 


Number of building slips— one of 
























1st class, two of 2nd class, and 
three of 3rd class. 
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Table I. — Dimensions op Dby ob Graving Docks — confinurt/. 



Name or Number of Dock. 


length In 
Blocks at 
Bottom of 
Dock. 


Length at 
Top of 
Dock. 


Width or 
E 11 tr Anoe. 


Depth of 
Water 
oQ Sill at 
O. W. H. 
Spring 
Tides. 


Depth of 
Water at 
O. H. M. 
Neap 


Kemarks. 


Key ham. 




ft. 


In. 




In. 


It 


in. 


ft 


In. 


n. 


in. 




No. 1, South dock 




348 


2 


350 


6 


HO 


0 


23 


0 


20 


0 




„ 2, Middle dock .. 




281 


SI 


308 


0 


80 


0 


>3 


0 


20 


0 




„ 3, Graving dock .. 




274 


6 


307 


0 


80 


0 


27 


0 


21 


0 


Being altered and made 136 ft. 6 in. 
























longer on keel-blocks, and 109 ft. 


SlIEKRXESS. 
























at tops. 


No. 1, Dock 




241 


0 


253 


4 


57 


7 


25 


2 


20 


9 




n 2, n .... 

» 3, „ .. .. 




225 

241 


7 

0 


251 

253 


10 

4 


57 

63 


8 

5 


25 

25 


2 

2 


20 

20 


8 

8 


Number of building slips— ono of 
2nd class. 


„ 4, „ - .. 




180 


7 


203 


10 


50 


3 


10 


0 


15 


4 


« 5, n .. 




154 


4 


196 


1 


58 


7 


14 


8 


10 


2 




Chatham. 


























No. 1, Dock .. .. 




203 


5 


222 


5 


57 


0 


16 


0 


13 


0 








374 


G 


307 


0 


62 


2 


23 


6 


20 


6 


Number of building slips — one of 
1st class and six of 2nd class. 


„ 3 




320 


5 


317 


5 


62 


10 


23 


6 


20 


6 


4 

BMW •• *• 




232 


0 


253 


0 


62 


8 


21 


0 


18 


0 




Woolwich and Deptford. 






















j Number of building slips— one of 


No. 1, Dock 




250 


0 


265 


0 


65 


0 


22 


0 


17 


2 


| 1st clasa, seven of 2nd class, and 


M 2, 




241 


3 


272 


0 


65 


0 


21 


0 


in 


2 


| four of 3rd class. 


„ 3, „ .. .. 




204 


0 


200 


8 


80 


0 


21 


0 


16 


2 


Being made 10 ft. longer on the 


Outer dock, Deptford . . 




196 


0 


196 


0 


51 


0 


15 




9 


H 


blocks, and 74 at the top. 


Iuner dock, Deptford . . 




167 




190 


«» 


46 


10 


13 


3 


7 


8 


Pembroke. 


























Nat 




387 


8 


404 


0 


75 


0 


24 


6 


18 


6 


Number of building slips — four of 


























1st class and nine of 2nd class. 


Cherbourg. 


























No. 1, in outer basin . . 








240 


0 


58 


0 












1, in new basin .. 








370 


0 


60 


0 












2, 








370 


0 


60 


0 












o 3, 








340 


0 


60 


0 










Number oflmilding slips — nine of 










.340 


0 


60 


0 










1st class. 


5, 


• • 






340 


0 


60 


0 












6, „ double locks 






350 


0 


65 


0 






. 






» » » 








350 


0 


65 


0 












Brest. 


























No. 1, small 








210 


0 


56 


0 












„ 2 








210 


0 


56 


0 






.. 






,, 1, double 








500 


0 


60 


0 










Can be made into four of 250 ft. 


*2, 








500 


0 


60 


0 


•• 










L’Orient. 


























No. 1, doable 








340 


0 


58 


0 










Recently lengthened. 


„ 2, * - •• 


- 






GOO 


0 














Constructing. 


Toulon. 


























No. 1, old 








250 


0 


58 


0 












„ 2, , t smaller 








230 


0 


58 


0 












»* 3, „ „ 

„ 1, new 








230 

336 


0 

69 


58 

62 


0 

q 










Number of building slips — sixteen 
of 1st class. 










306*88 














„ 3 ; „ 








545 


-9 


• 














llOCHEKORT. 


























Small 








210 


0 


55 


0 












Double 








450 


0 


60 


0 










Can bo mado into one of 210 and 


Large 


•• 






360 


0 


80 


0 










one 240. 


Havre. 


























New dock 


•• 






426 


0 


90 


0 


•• 
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Table I.— Dimensions or Dbt or Gbaving Docks— conti nutd . 



Nam* or Number of Dock. 



Liverpool. 



dock 



dock 

Siuidon gmving docks- 
No. 1, cast 
.. 2, 
i, 3, 



Clarence graving docks — 
No. l t outer gates .. 

„ 1, inner gates .. 

„ 2, outer gates . . 

„ 2, inner gates 

Canning graving docks— 

No. 1 

>» 2 

Brunswick graving docks — 

No. 1 

.,2 

Queen’s graving docks— 

No. 1 

•„ 2 

Birkenhead. 

No. 1, new dock! eon- 
2, „ / structing 

,, 1, dock 



2 | 

3, 

4, 



belonging to 
Laird Brothers) 



Southampton. 



Western dock 
Middle dock 
Eastern dock 







1 




I 


DrpU 


J 


Depth 


J 


III 


In 

at 1 

of 


Length ®t 
Top of 
Dock. 


Width of 
Entrance ! 


on .Sill at 
0. W, H. 


Water at 
0.11 M. 
Neap 


Dock. 






SS 1 


Tldca. 


ft. 


41. 


It In. 


ft 


In. ; 


ft 


lu. | 


ft 


in. 


501 


0 




100 


° 


20 


o 


19 


0 


396 


o ! 




80 


0 i 


24 


9 i 


17 


9 


540 


0 




00 


0 


21 


9 


41 


9 


510 


0 




70 


0 


21 


9 


41 


G 


540 


0 




00 


0 


21 


9 


14 


9 


540 


0 




70 


0 


21 


9 


14 


9 


540 


0 




45 


0 


21 


9 


14 


9 


540 


0 




45 


0 


21 


9 


14 


9 


405 


0 




45 


0 


21 


3 


14 


3 


201 


0 




45 


0 


18 


9 


11 


9 


114 


0 




45 


0 


21 


3 


14 


3 


288 


0 




32 


10 


18 


9 


11 


9 1 


441 


0 




55 


9 


19 


m 


12 


in 


488 


0 


" 


55 


9 


18 


3} 


11 


3} 


890 


0 




42 


0 


20 


9 


13 


9 


399 


0 


•• 


43 


0 


20 


9 


13 


9 1 


438 


0 




42 


0 


19 


in 


12 


m 


435 


0 




70 


1 


21 


9 


14 


9 


750 


0 




85 


0 


25 


9 






7.50 


0 




50 


0 


25 


9 




. 


300 


0 


.. 


40 


0 


i« 


0 






180 


0 




45 


0 


10 


6 






400 


0 




05 


0 


24 


3 






440 


0 




85 


0 


| 20 


6 




. 


343 


0 


340 0 


30 


0 


20 


0 


| 10 


0 


232 


0 


233 0 


51 


0 


15 


0 


n 

21 


6 


425 


0 


538 0 


80 


0 


| 20 


0 


0 



the Liverpool and Birkenhead 
Dock is as follows : — 



Naina of Dock. 


Water An*. 


Quay Space. 


Liverpool 


acre*, 

251 


yd*. 

2061 


mile*. y«l». 
1 IS 763 


liirkcnb<*d . 


121 


2 '69 




Total.. 


372 


6133 


| 23 1649 



The eastern dock, made in 1854, 
is of brickwork, with Portland 
copings, and is stated to liavo 
cost 53,000 1, 



Table XL— Principal Dimension- of other Dhy Docka of 300 Foot in Length, and urnonl-. 1861. 



Name of Port. 



Leith 

Sunderland 

Wert IIartlej>ool 

Great Urimsby 
Thames 



Name of Dock. 



On the East Sands ». 

Laing’s 

Commissioners 

No. I 

No. 2 

No. 1 

Northflect .. .. .♦ 

New Crane 

Union (upper) 

Regent, No. 12 

(ircen and Co 



Ijcngth over 
all. 


Depth of 

Breadth of ] Water over 
Ln tr*na\ Sill at 

1 O.U.W. 


feet. 


feet. 


feet. 


400 


1 71 


23 


300 


48 


14 


315 


45 


10*8 


375 


60 


16 


355 


, 50 


17 


400 


! 70 


19*6 


400 


74 


19*6 


403 0 


43 9 


14-6 


331*6 


1 39*8 


15 


338 


, 42*2 


16 


342 


02 


18 
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Table II. — Principal Dimensions of other Dry Docks, Ac. — c < mtinw >/ i t 



X«ne of Port. 


1 

Name of Dock. 

! 


Length uver 
all. 


i)rr-a<Hh nf 
Entrance. 1 

1 


Depth of 
Water over 
Silt at 
O. H. W. 






flTt. 


fH 


feet. 


Thames ' 


< General Steam ! 


328 


40 I 


14 


Portsmouth 


Camber Dock 


345 


50 


17*3 


Isle of Wight 


Cowes 


330 


30 


16G 


Plymouth 


Mill lJav 


307 


80 


27 0 


Falmouth 


No. 1 


soo 1 


51 


14 


_ 


No. 2 .. 


400 


‘JO 


20 


Appicdoro 




326 


43 :t 


15 


Bristol 


Great Western 


300 


45 I 


13 


n 


Albion 


3SO 


380 f 


13*6 




Green 


323 


56 


15 


Cardiff 


East Bute 


435 


48 


18 


Swansea 


No. 3 


300 


36 


1(5 


Ilolyhend 1 




307 


02*0 


17 


Greenock 1 


Steel 


361 


47*8 


10 


i 


Scott 


300 


45 


15 


B 


Corporation 


300 


, 38 


13 


1 lumbartou 




300 


41 


13 


Glasgow 


Tod and M‘Gregor 


I 500 


! 50 


18 


Dublin 


No. 1 


1 400 


70 


18 


Is)udonderry 




1 321 


| 50 


18 


Cork 


West Passage 


■ 31*0 


86 


24 




Wheeler’s 


420 


59 


20 


Trieste 


Austrian Lloyd’s 


300 




25 


Bombay 


I Old Dock .. 


013 


si*9 


1(1 




] Dunoon Dock,. 


GOO 


63 


10 


Singapore 


New Harbour.. 


1 auo 


43 


15 






450 


02 


18 


Canton River 


T. C. Couper 


550 


72 


17 


Amoy 




300 






Australia 


Cockatoo Island 


300 


58 


20*6 


Rio Janeiro 


1 Marts, in Waterview Bay .. 


345 


75 


10 


| Cobras Island 


301 


70 


28 



Table III. — Floatino Basins in English Government Dockyards. 1862. 









Lart--.il 
f«>t of | 






t tepth of Water on 


Depth of Water vo 


Name of 


No. or Basina. w Ar,u 


Quay ! 


BqmtIcj. 


Width. 


hill at Ordinary 


fWI at OnUoary 


JHjckjrnnl. 


* of Boom-. 


Space 


High-water Spring 


High- water Neap 






in aw* 




I 


'] idea. 


Tldaa. 








Basin. 


\ 










t A. 


«. r. ' 






fL 


ft. In. 


fL in. 


Deptford .. 


1 1 


1 8 


770 




50 


20 0 


14 5 


Woolwich 


Outer basin 3 


U 


1250 


■¥ 


65 


22 10 


18 0 




inner baafal 2 


2 10 


1250 


65 | 


21 0 


10 2 


Chatham .. j 


NIL 






£ 








Sbeeraea* i 


<#reat basin 3 


2 5 


1400 


o 


60 


27 0 


2*2 0 




Small basin 1 


0 23 


*40 




50 1 


20 6 


16 0 




Boat basin 1 


1 7 


55! 




too 


2*1 0 


21 0 


Portsmouth 


South basin ; 2 


1 30 


1 950 . 


When Dock* Noe, 7 


07 


24 6 


20 0 


n 


Steam basin 7 
! i i 


0 0 


1 2190 


and 10 are unoccu- 
pied they may be 
used as a lock 004 ft. 
I long, with 27 ft. H.W. 
I spring tide*. 


so 


25 o ; 


21 0 


Devon port 




2 0 


800 


! No look. 


71 


50 G 


20 8 










( 


Outer entrance 


Outer entrance 


Kcyhnm .. 


South basin 7 


0 32 


2150 


; Entrance lock 252 fl. 
8 in. between caissons. 


80 

1 


36 o 

! Inner entrance 
34 0 


21 6 

1 Inner entrance 
29 6 


Ptfunb 


North basin 5 


0 0 


1350 




80 


23 0 


••ill s 


XU. 




3 











% 
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DRAINAGE. 



Among the standard works relating to this subject we may mention tho following : — Belidor, 
* Architecture Hydmulique,’ 4 vols., 4to, Paris, 1737-53. De Cesaart, * Description des Travaux 
Hydrauliques,’ 4 vols., 4to, 1806-8. Elmos, J., *I>ockH and Port of I .on don and Liverpool,’ folio, 
1838. ‘ Life of T. Telford,' 4 to, with folio Atlas of Plates, 1838. Hganzin, 1 Cours do Construction,* 
3 vols., 4to, and Atlas in folio, Paris, 1839-41. Mi nurd, 4 Cours do Construction des Ouvragcs 
Hydraulique* des Ports de Mer.' 2 vols., 4 to, Paris, 1841. Webster, T., ‘The Port and Docks of 
Birkenhead,* 8vo, 1848. C. B. Stuart, ‘The Navel Dry Docks of the United States,’ 4to, New 
York, 18.‘)2. Sir J. Rennie, ‘Theory, Formation, and (instruction of British and Foreign Har- 
houra,’ 2 vols., folio, 1854. Gassend et Labour, ‘ Travaux llydmuliquoa Maritime*,’ folio, Marseille, 
1861. Vuigner, ‘Entrepots de la Villotto,’ 4to, with Plates in folio, Paris, 1881. Rofflaen, ‘Con- 
structions Hydmuliques,’ 3 vols,, 8vo, Bruxelles, 1861-63. Humbert 4 Record of Modern Engineer- 
ing ’ for 1864 and 1866. Sec also numerous papers on Docks in the * Minutes of the Institution of 
Civil Engineers,’ 4 Anualcs des Pouts et Chaussees,' 4 Annalos du Genic Civil,’ and 4 Engineering.’ 

See Anchor. Bqrd. Brickwork. Construction. I)am. Embankments. Keei^ and 
Coal Shipping. Lifts, Hoists, and Elevators. Lock Gates. Water- works. 

DOG. Fb., Clameau; Geil, Klammerhahen; ITAL., Graffio, Grappa; Span., Grapa. 

A dog is a grappling iron, with a claw or claws, held by a chain or ropes, for fastening into 
wood or other heavy articles for the purpose of raising or moving them ; or an iron with fangs for 
fastening a log in a saw-pit, or on the carriage of a saw-mill. A dog is a piece in machinery acting 
as a catch or clutch ; especially the carrier of a lathe. Au adjustable stop to chauge the motion of 
a machine tool is also called a dog. 

DOLLY or DOLLY-TUB. Fa., Cut*? a rinccr ; Geil, ScMBmmfau; Ital., Troguola; Span., 
Cuht> de laoar, 

A dolly is a contrivance, turning on a vertical axis by a handle or winch, for facilitating the 
washing of ore ; a stirrer. 

DOME. Fr., Dime; Ger., Dam; Ital., Cupola; Span., Ctlpula. 

In architecture, dome is a roof, or structure raised above tho mof of an edifice, usually hemi- 
spherical in form, but sometimes the segment of a spheroid, ellipse, polygon, or other similar 
figure; a cupola. 

The won! is usually applied to any erection resembling the dome or cupola of a building, as the 
upper part of a furnace, and tho like. A steain-dome. See Boiler, Furnaces. Locomotives. 

DONKEY-ENGINE. Fr., Machine a vapeur auxiliaire; Ger., Kleine Hulfmkanpfmaschine ; 
Ital., Macckina d* a/wsstorioM ; Span., Jfdquina auxUiar. 

See Engine, Varieties of. 

DOVETAIL. Fr., Queue cTarotu/e ; tenon a queue ; Ger., Schwalbenschwanz. 

The manner of fastening boards or timber together by letting one piece, in tho form of a dove’s 
tail spread, or wedge reversed, into a corresponding cavity in another, so that it cannot be drawn 
out. Dovetail Machine, see Machine Tools, 

DOWEL-PIN. Fr., Goujon; Ger., Diebel o der Dtihel ; Ital., Femo ; Span., Pazador. 

A dowel-pin may be of wood or metal, ami is used for joining two pieces, ns of wood, 
stones, or other material, by inserting part of its length into one piece, the rest of it entering a 
corre*j*mding hole in the other, as in the heads of a cask. A dowel-joint is a joint made by mcaus 
of a dowel. 

DRAG-BAR or DRAW-BAR. Fil, Barre d'attelajcs; Ger., Die Kupplestange ; Ital., Bharra 
t fattaceo ; Span., Vara motriza. 

A bar or link for attaching carriages together, or the moving power, as on railways; a coupling ; 
called a drag-link and draw-link. A strong iron bolt or pin passing through the end of a drag-bar, 
and serving to fasten tho coupling of a locomotive and tender or that of two carriages on a railway, 
is termed a drag-bolt. Bee IscmcB. Railway Enginekring. 

DRAINAGE. Fb., Drainage ; Ger., Entw&iMerunq ; Ital., Fognatura ; Span., DezagSe. 

Drainage is the mode in which the waters of a country jiass off by its streams and rivers. The 
system of drains and their operation, by which wnter is removed from towns, railway beds, ami 
other works. Bee Irrigation, Irrigation and Drainage. Pipes and Culverts. Pumps and 
Pumping Engines. Traps, Drainage ami Stench. 

Drainage of Mines. — The draining of a mine is one of tho most important subjects in practical 
mining operations. Tile waters which comedown the walls in drops gather into little streams, ami 
these, united, form in extensive mines a considerable body. Tho quantity of wnter which may bo 
furnished by a mine is not easily estimated beforehand. Wo can form some opinion as to the 
probable amount by reference to tho kind of rock which we penetrate, and the capacity of tho 
country for springs and wells ; still this is no certain criterion, for the ground and rocks may be dry 
at the surface, and yet contain much woter beneath. The nick may Ik? covered by a layer of water- 
proof clay, which canal's the surface to be wet and swampy; still, below it may be froc from 
water, and a mine in such places perfectly dry. Tho elevation of a mine has an important influ- 
ence upon the quantity of water which it may contain ; most rock is accessible to water, which 
filtrates through its crevices, and gathers below. It will accumulate where the filtration is checked, 
and tho rocks bccomo saturated. Home rocks are remarkably dry, others contain much water. 
Volcanic rocks and limestone do not furuish much water to a mine; granite, also, is dry. The 
American cooper mines at Ijako Superior, which are chiefly in trap rock, are remarkably dry. 
Stratified rock, of either transition or secondary formation, is dry nt tho surface when the strata is 
inclined, but there is abundance of water in its lower jwrtions. A deep mine in the gold region of 
tho Southern States i* always found to bo very wet. Are the strata of rock horizontal, or nearly 
so, the quantity of water is greater in the higher parts of the hills than below. The coal region of 
the west of America furnishes sufficient evidence for this assertion. In all instances the quantity 
of water iu a mine increases with it* surface, that is, with tho extent of its workings, apart from 
any other circumstance to influenco it. When crevices are ojxmed iu the progress of work wrhich 
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communicate with reservoirs of water in the interior of the rock, or pools at the surface, springs aro 
formed which frequently add considerably to the waters of the mine. When a mine penetrates 
through a water-proof bed of clay, gypsum, or a layer of limestone, the water is in most cases more 
abundant below than al>ove such stratum. In most of the mines in operation, where a circulation 
of air is freely admitted, the quantity of water is generally greater in summer, spring, and fall than 
in winter. When the interior of a mine is warmer than the atmosplu-rc it will furnish moisture to 
the latter in its circulation through the mine; and when it is colder it will condense watery 
vapours of the air, which enter and increase the water. In all cases attention must he given to 
the manner in which the water penetrates, that its direct effect on the workmen may he avoided. 
It not only annoys them, but delays the work, uud causes the mineral unnecessarily to he more 
expensive, by interfering with the comfort of those engaged iu its extraction. 

By Levels . — In forming a water-drain in the pavement of a drift or a gallery, it is necessary to 
pay some attention to its form. The walla of the drain also should be smooth ; not that rough 
walls cause much friction, and diminish the velocity of the water, hut because all the water issuing 
from the workrooms carries along some impurities — particles of rock, minerals, clay, uud so on. 
This heavy matter will settle in rough, contracted, or crooked channels, more than in smooth and 
straight ones; this sediment causes jjooIs of water, which wmn overflow the pavement, rendering 
the miue wet, disagreeable, and injurious to the health of the workmen. These defects may be 
avoided iu some measure by giving more full to the drain, hut it will not remove tho evils resulting 
from an imperfect form of the channel. When it is possible, the water channel should be located 
on one side of the gallery or drift, rather than in the middle of the floor. When the drain is 
covend by timber or planks, or a roadway, it is not easily accessible, and sediment may accumulate 
and overflow a ]>ortion of the miue before it is ol>servtd and can be removed. If the channel is on 
one side, it may always be uncovered and any obstruction is soon detected and removed. In all 
cases, no matter where the drain is located, it should be easy of nm*s at any time. If parts of a 
drain ora necessarily covered, where there is loose rock or gravel, it is advisable to in&ko such ports 
spacious and of maaon-work. Wooden culverts are liable to decay, jiartieularly iu a mine, and if 
the location of the culvert is inaccessible, it cannot easily be replaced without much disturbance. 
This is the more serious if the roadway extends over such culverts. The size and fall of a drain are 
calculated according to the laws regulating the motion of water in canals, but as there are many 
modifications of those laws, on account of obstructions, wo arc not justified in referring to them. 
The location, size, and fall of the drains are chiefly ascertained by observation. One foot fall in 
100 ft. of length is considered sufficient in all instances ; but as this, in long levels, causes a con- 
siderable loss in the depth of a mine, less fall is taken in niauy cases, and the size of the channels 
increased. One foot fall in 1000 ft. causes a considerable current ; but the water must be clear, or 
the drain is liable t<> obstruction. A deep pool provided at the head of the drain w ill re-tain most 
of the mud issuing from tho workrooms ana roads, and pass the water free from sediment. Such 
pools may l»e chared of their contents when filled, and serve a good purpose in draining a mine to 
its lowest depth. 

By Pumps. — Much ingenuity lias been expended in tho construction of pumps, in order to drain 
mines with the least possible expense. We shall not allude to the numerous forms of pumping 
machines which have been contrived in past times, nor to many of the imperfect means for pumping 
at present in two. Wo shall, however, describe that kind of machinery which is suitable to perform 
tho most labour with the least expense. We have spoken of the hoisting of water by means of tho 
rope and barrel in former pages, and shall confine our present remarks to pumjis only. Notwith- 
standing the progress in mechanics and the construction of machinery, wo find men who waste time 
and means on the invention of machinery for lifting water which never will successfully conq*to 
with well-constructed pumps. The principles governing tho construction of pumps are not so 
generally observed as they should be. Wo state, for this reason, those laws which govern them. 

Principles of the Pump . — There are three principal kinds of pump* — the sucking, the lifting, and 
the forcing pump; all these are used in mines, and often the whole of them in one set. Tho 
sucking pump consists essentially of the cylinder, the sucking pipe, the piston with its valve, nnd 
the sleeping valve at the lower extremity of the sucking pipe. When the lower end of the sucking 
pipe is immersed in a reservoir containing water, and the piston in tho cylinder raised, the air 
contained in the spare between the pistou and the sleeping valve will eximnd, in proportion to the 
space evacuated by the piston. The density of the air without the pipe is greater than the density 
of that within, and pressing upon the water forces it into the pipe through the sticking valve so 
high as to produce an equilibrium between the external nnd internal air. As the air within is 
expanded in proportion to the space moved by the piston, on equal amount of water will be pressed 
into the pump to fill the space evacuated by the piston. The density of the air within and that 
without having become equal, the sleeping valve shuts by its own gravity, and prevents the flowing 
out of the water from tho sucking pipe. The piston being now depressed, it will compress* the air 
within ; this causes the valve to open, nnd the air escapes through it. It is easily conceived that 
this play of the piston, when repeated, will raise tho water to a certain height. It would raise it 
to an indefinite height if the air, or the gas formed by water in a vacuum, was not elastic. When 
the column of water thus raised is equal to tho pressure of the atmosphere upon the vacuum, which 
height is indicated by the barometer, the piston may be raised, but it will produce only an clustic 
fluid. Either the water will evaporate and condense w ith tho motion of the pistou, or if there is 
any air in the pump it will ex(tand ami condense, following the motion of the piston. When 
nothing interferes with the motion of the water in tho sucking pipe, nnd when the piston closes 
perfectly air-tight in tho cylinder of the pump, the water may be raised to the average height of 
33 ft. — the greatest height 34 ft. In practice this height never can be obtained, for tho following 
reasons; — There is alwuys a loss of height, because there is friction between the water and tho 
pipe,, which diminishes its motion. The sleeping valve always loses a little water as it shuts. 
The valve of tho piston loses also front the same cause ; and if tho piston does not fit closely to the 
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cylinder, there is ft loss of height in the water. As smooth surfaces diminish friction, particularly 
between fluids and solid matter, it is of groat importance to make the interior of pipes as smooth 
os possible. The loss of power in the sleeping valve is partly caused by the weight of the valve 
resisting the upward motion of the water, and jsirtly by the impact of the valve when open, which 
prevents its quick return : and os the water suffers less from this cause, it will flow back before 
the valve is shut again. In both cases it is, therefore, advantageous to moke the valve as light os 
possible, in order to oppose little or no obstacle to the motion of the water. Tlio loss in power, or 
in the height of water in the pump, is here in proportion to the weight of the valve. If a sleeping 
valve covering 1 «q. in. weighed 15 11>»., it would not admit of the passage of any water, for that 
weight is equal to the pressure of the atmosphere. The weight of the valve causes therefore a 
loss in the proportion of its weight to that of the atmosphere. This loss is increased when wo 
consider the impact of the valve. In the sleeping valve of a sucking pump there is, therefore, 
a considerable loss of power, which may l»e diminished or increased by altering the weight of the 
valve. The valve in the piston is not liable to the same objections ns the sleeping valve. If the 
piston-valve is of gnat weight it will resist the motion of elastic fluids considerably; that of 
water it cannot affect, but by the friction which it causes in opposing its weight to the motion 
of the water. On the return of the piston, after having arrived at its culmination, a considerable 
loss is caused by the impact of the valve, which is greater in a heavy than in a light one. We 
wo here, that the weight of a valve exerts considerable influence on the effect of a pump, par- 
ticularly on that of a sucking pump. 

The form of valves is of not less importance than their weight. A poppet-valve, in the form of 
a flat dish, is the most imperfect, because it is heavy, and does not afford a favourable form for the 
passage of water. The conical poppet-valve is better thau the flat dish. It causes less disturb- 
ance in the current than the first valve, but it lows water because it is heavy and shuts slowly. 
Halls and cones are valves working well in small pumps, but are inapplicable in large ones. In 
pumps for mines hardly any other form of valve can he applied to advantage than that of the trap- 
valve. We allude to these particularly in the following remarks: valves should bo as light as 
possible, for their weight must bo lifted by the moving power before any water can pass. If the 
weight of a valve is great, the jiower required for raising it must also be considerable. The weight 
of the valve should be ho regulated that its pressure upou its bearing may bo small, and that it 
may bo raised with the least power. When the valve is raised to its maximum, it should bo as 
light as at the bottom, Uiat its tendency to shut may not be retarded by im|ioct. It must he 
quicker in its returning motion than the motion of the water. We find here that the horizontal 
position of a valve is contrary to principle, and that a perfectly vortical one is the best. The 
vertical valve has its disadvantages in connection with vertical pumps, because it always requires 
curves to be made in the pipes hading the water to and from it. What is here gained in the form 
of the valve is lost in the curve of the pipes. It is therefore of little advantage to employ vertical 
valves ; the same may be said <»f inclined valves ; mid the question rests then with the horizontal 
trap-valve only. There is little doubt that this form is the most advantageous; but there are 
objections to the common metal valve, ami also to the leather valve. The common metal valve, as 
represented in Fig. 2524, is a good one, but in heavy pumps it causes strong vibration*, and 
requires constant repair. This valve could be fastened to a spring, cither of Btecl or india-rubber, 
so that it would bo repulsed ih every position, and nowhere at rest. When a valve is shut with 
pressure upon it. it must bo so far lifted by a spring as hi balance its own weight, and also some 
of the incumbent pressure of tho water; but the spring must not open tho valve. When it reaches 
its highest elevation a spring should force it back iu advance of tho returning water. 

2634. 2626. 






If those conditions could be complied with in practice, there is no doubt but any kind of valve 
affording a large passage would answer. Such suitable arrangements with valves may be possible ; 
but we do not know of any which perform well and which wo can recommend. Recently a 
most perfect form of valve for water-pumps of limited pressure has made its appearance. In 
Fig. 2525 we have represented one form of this valve, and in the course of this article wc shall 
allude to some others. Tho valve is here formed simply by ft sheet of vulcanized india-robber, 
\ of an inch thick in small valves, and increasing to £ an inch in thickness in large valves. The 
under-side, upon which the rubber rests, is represented in Fig. 252G. It is a cast-iron frame, 
round or square as the case may bo, having a cross-liar in the middle of its area upon which the 
top and the rubber are screwed. The whole area of this pinto consists of oblong openings for water. 
I of an inch in width for small pumps, and from that to $ an inch in width for large pnmps. and 
a pressure of 15 or 20 lbs. to the square inch. The oblong holes in this plate may form a grato 
liko that in a stove, or tho bars may bo divided into compartments by cross-bars, which in the 
meantime stiffen the plate nod prevent its injury by slight causes. The sheet of india-rubber 
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which is screwed down in the middle, is easily lifted by the slightest pressure from below, and the 
Openings in the bottom pinto having a somewhat inclined direction, lift the valve very gently, and 
force it all at once to the full width against its angular support. It oilers little or no resistance to 
the passing water by its own weight; it merely diminishes the passage for water. With the 
returning stroke of the pump, the water presses I jock upon the valve, jmssing through holes in 
the angular support. This valve causes less loss of power than the best valves of other forms; 
and gravity, which causes considerable contraction of the current of water in other oases, has little 
influence upon it. The small openings in the bottom plate occasion some loss of power by friction, 
but these holes may lx* polished, and in that ease the loss is small. The greatest advantage of 
this valve is its soft bearing and perfectly close fit, which in mint's is of considerable importance, 
because the waters of a mine often contain impurities and wind, which cause metal valves to closo 
imperfectly. The simplicity of this valve is another recommendation which cannot be too highly 
appreciated in mines. 

Li/tiwj Pump. — When water is raised in the sucking pipe, which in practice should not Imj 
higher than 20 or 2.5 ft., and the piston is hollow and provided with valves, it will pass through the 
piston and ascend to any height we please. This height is limited only by tho strength of 
material. In Fig. 2527 a lifting pump is represented, w hich shows the sleeping 
valve considerably above the lower ext remity of the sucking pipe. This arrange- 
ment is necessary where the sucking pipe dips into an inaccessible pool of water. 

In such cam* all Unit kind of machinery which is liable to need repairs must lie 
easily accessible. It is not necessary to place the sleeping valve in the cylin- 
der, or close to the piston, as shown in the drawing. It is sufficient if the valve 
is above the surface of the pool from which the pump draws its water. When 
the water in the lifting pump is raised to the height necessary for its discharge, 
a mouth-piece is appended to the vertical pipe, which may be directed to any 
point which well secures tho flowing oft" of the water, lu this case, as well as 
in that of the sleeping valve, the form of valve and its operation has a decided 
influence upon the effect of the puiup. If the valve in the piston is heavy it 
will press upon the passing water, contract the passage for it, und cause friction. 

If the material of the pump, that is, piston-rod, levers, or other machinery con- 
nected with it, is elastic, or if any gas is in the water, or tho water warm, tho 
elasticity thus produced will cause an oscillation in the column of water above 
the piston, and this by its impact will occasion a considerable loss of power, 
particularly when the column «»f water is high. It is therefore necessary, in 
order to produce the best effect in a lifting pump, that the valves should be light 
and the machinery of the most rigid material. The above-mentioned valve, 
with iron pumps and machinery, is for these reasons the most perfect. 

Of Pit tons. — It is an essential condition in putniu* that pistons should fit 
closely to the sides of the cylinder. This object cannot be obtained in square 

f mnipx, for which reason they are imperfect machines. Wooden cylinders ore 
(able to abrasion, and consequently soon cause leakage at the piston, for which 
reason wood is a very imiierfect material for pumps, even for thorn* of low eleva- 
tion. Wood is not strong nor close-grained; it is liable to filtration through 
its pores, and is therefore not suitable for making good pumps for high eleva- 
tions. Pistons should fit tight in the cylinder, and afford ns much opening for '£rzszl : 7_.~v^rv— — 
the passage of water as possible. In Fig. 2528 we represent a piston, which, ~ 

according to our present knowledge, is the most perfect for a lifting 
pomp of limited height. It is made of iron or brass, as the case may 
bo, last in one piece, and turned. Tho packing is produced by a Beni's 
of steel rings, one laid on tho top of the other, so as to tit closely 
lx* tween themselves ; these rings are Bpring-hardened, and their dia- 
meter is somewhat larger than the diameter of the cylinder of tho pump, 
bo that the elasticity of the rings may cause a close fit in all parts. 

These rings are held at the face of the piston and in their places by a 
circular ring screwed firmly on the top of the piston, so as to give but 
very little play to them. The length of one of these rings is a little 
less than the circumference of the cylinder, end the open space thus 
caused in one of the rings is covered by tho sound jwirt of the next 
ring. The piston itself forms a grate, similar to that represented in 
Fig. 2525, with this difference, tliat here no solid bar traverses the area. 

It is entirely composed of small bars and oblong or rectangular spaces ; 
the centre, containing tho pUtou-rod and the circumference, shows the ouly solid parts. Above the 
piston, some inches distant, a round plate is screwed to the rod, which is permanently fixed in its 
place. This plate is also pierced with a number of round holes, or forms a grating of oblong 
apertures, similar to those in the piston. A sheet of vulcanized india-rubber, larger than the Iaat- 
dcecribed plate, plays up and down with each stroke of the pump, resting either ujxm the piston, 
in the upward motion, or against the plate in the downward motion of the piston. In this manner 
the apertures in the pistou are cither shut or opened, according to tho motion of tho piston. The 
water thus passing through the apertures finds a circular space around tho plate above, which is 
its pnssago. In this arrangement a considerable loss of power is caused by the descent of the 
india-rubber sheet. This loss is equal to a part of the distance traversed by the sheet, compared 
to the stroke of the pump. We may here employ the valve shown in Fig. 2525 ; but this diminishes 
the aperture in the piston by the solid bar in the diameter ; still we are inclined to consider tho 
form of Fig. 252G superior to that of Fig. 2528. 

Force-Pump . — This kind of pump has no valve in the piston, by which it is chiefly distinguished 
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from the lifting pump. The piston is hero solid, and the water is driven to some side pipe in which 
the lifting valve is fastened. In Fig. 2521) a common force-pump is shown. The solid piston is 
moviug in a metal cylinder, which may be either of cast iron, brass, copper, or other metal. The 
water is sucked from the pool by its upward motion, and drawn into the cylinder; when it 
returns or descends, the water is forced out of the cylinder, and the sucking valve closes. The 
force- valve is now opened, which admits the water into a pipe, when it may be raised to the desired 
height. 

We here very soon perceive what causes the chief loss of power in this pump. The water, in 
being drawn into the cylinder, has attained a certain direction in its motion, and when arrived at 
.its maximum of speed* and eiovntion, it is sud- 
denly stopp’d and its motion changed. Water 
is almost inelastic, and any sudden alteration in 
the direction of its motion will create consider- 
able resistance in its (articles ; it therefore reacts 
upon the pistol), causing much loss of power. 

This loss increases more rapidly than the sjiecd of 
the piston, and, perhaps, is not far from the cube 
of that speed. These pumps aro not well adapted 
for use in mines. They require much repair, are 
expensive in the first coat, and also in consequence 
of loss of power. 

Force-pumps similar in principle to the above, 
but different in construction, are extensively em- 
ployed in English mines, rind r in water-works for 
supplying cities with water. This circumstance 
is a recommendation, but it does not make these 
pumps better; and if we bliudlv imitate what has 
been done by others, we may be led into the same 
error. 

Fig. 2530 is of a pump of this kind. Instead 
of a piston a plunger is used, or second cylinder 

playing in the main cylinder, which latter is here a common strong cast-iron pipe. 

The only advantage this pump possesses over the above-mentioned force-pump is 
the absence of the piston-rod, which does away with the stuffing box for it, and 
also the friction caused by it. This, however, appears to be a small advantage, 
when we consider that the stuffing box for the pump. Fig. 2520, is a mere guide, 
and that a piston can be more accurately adjusted to the cylinder, so as to afford 
a cloao packing, than a plunger. The motion of the water is here the same, and a 
similar kind of action and reaction is produced, and the same loss of power must consequently ensue. 
These pumps are useful when on exceedingly slow motion of the piston is sufficient to raise the 
required amount of water. If a pump of this kind is chosen of sufficient dimensions to do the work 
with a slow motion, it will answer admirably well ; hut lifting pumps of large dimensions work as 
well, or even better. In leading pipes a long distance, or forcing water to a considerable height 
by one set of punqis, it is most useful to employ force-pumps, because when the piston-rod of the 
liftiug pump descends through long pities, its size is greatly increased, and the pipcB must be made 
wide and strong. Force-pumps are therefore necessary in deep mines, where no room can bo 
provided for a successive set oi lifting pumtis. 

J'ipcs . — This is a subject of considerable interest in relation to the drainago of mines by 
pumps ; for all the water raised by the pump must lie conducted in suitable pipes to the desired 
height; and as the expense cansed in their purchase is on important item, it would lie well to 
ascertain the most profitable dimensions, in order to avoid unnecessary cost as well as imperfect 
work. When a pipe is filled with water, or any fluid, it presses Upon the sides of the pipe with a 
force projxirtionatc to the head. Pipes must be equally wide throughout their length ; no contrac- 
tions of any kind should lie permitted ; even bulgings ore disadvantageous to the motion of water 
when imperfectly made. Curves, ami |iarticularly sharp angles, aro highly objectionable. If such 
angles or kneos cannot be avoided, it is necessary to make the radius for the eurvaturo as long as 
possible. When such a curvature is not a part of a small circle, and not an acute nngle, its influ- 
ence on the motion of water in the pipe may be neglected ; but in all cases where a pipe turns 
short, or doubles an angle, the loss in j>ower must lie taken into the calculation. 

The friction of water in pipes is considerable, particularly under great velocities. If we call V 
the velocity with which water flows in straight pities, L the length of the pipes, II the height of 
water or head, and B the radius of the pipe, the velocity in the pipe will be 

V = 53-58 x -v/ * R * H 

1 1 



It follows from this that the loss in power increases with the square of the velocity, and that 
the hast velocity is the most advantageous in practice. Frequently wo find the velocities in water 
conduit pipes great, ami of course a considerable loss of power is experienced. As a rule, wo may 
state that water should not tuovo with a greater velocity than 4 ft. per second in smooth and 
straight pipes. In curved pipe* the velocity should be less, and in curved and contracted pipes 
still less. In the latter case the velocity should not exceed 2 ft. per second, and this Bhould bo 
reduced one-half if the pipe is longer than 100 diameters. We thus perceive that curves and 
contractions in lilies, to which roughness may be added, are imperfections which should be avoided 
by all menus. They make it necessary to increase the width of tho pipes, and thus the cost is 
increased. 
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Tho thickness required for pipes is determined by the pressure which may net upon their walls. 
The higher the water is in a vertical pipe, the greater is the pressure it will exert, and hence the 
strength of the pipe must he proportionate. As the tendency to rupture also inenases with 
the diameter of the pipe, it follows that the larger the diameter the more metal will be required 
to withstand the pressure. If we call the diameters of two pi|>oa D and J. the perpendicular 
height of water in the pipes II and A, and the thickness of the pipes T and t, we obtain the follow- 
ing equation, T : t : : II x D I A x d. When the value of one of these sizes for a certain material 
is known, we obtain the other very readily; that is, if we know that a certain pipe is strong 
enough to resist a certain pressure, we find the thickness of another pipe by substituting the 
values in the equation. 

Experiments ou various materials have shown that if wo express E = T in twelfths of an 
inch, il in feet, and D in inches, tho strength of material must l>c as the following numbers. 

For lead, E = — ^ — ; for cast iron, E = * ant * ^ or WOCK * cn P*I >C8 with iron rings, 



E = 



HxD 
4 ’ 



80 



Tho thickness of a pipe is therefore as the height, and it should increase with tho 



latter. When a sot of pipes of a certain height are properly constructed, the upper part may be 
either thinner, or made of a weaker material in case it is cheaper. Cast-iron pipes are the most 
common in mines, and in fact are the only practicable pipes; but as this material is liable to great 
variation iu quality, and also the thickness of east iron cannot bo depended ujion for uniformity, 
we should increase tho strength found by the above formula at hast 25 or 30 per ceut. We find, 
then, for a cast-iron pipe which is to bear a pressure of water 50 ft. high, and 6 in. in diameter, 

E = — 2 QQ — = 1 '5, or ^ of an inch in thickness. Such a pipe cannot be cast, and we may assume 

that a cast-iron pipe of C-in. Ixire must contain \ an inch of iron. This would afford strength for 
200 ft. head, hut as the formula indicates the extreme thickness, it is advisable not to extend pipes 
of | an inch metal and (bin. bore lower down than 150 ft. Each additional 40 ft. in depth requires 
a of an inch additional thickness of metal. 

The quantity of water furnished by a stroke of a pump is exactly equal to tho space which is 
formed by the piston in the cylinder; that is, it is equivalent to the height of stroke multiplied by 
the area of the piston. If R is the radius of the piston, or bore of the cylinder, and S the stroke of 
the pump, the quantity of water furnished by each stroke = R* x 3* 1415 x N. The height to 
which tho water is lifted lias no influence upon this result. We assume in this formula that no 
water is lost by the valves, which is not the case, as we have seen above. As this loss depends 
upon the form of tho valve, wc cannot introduce a general coefficient which shall express it. The 
loss is often considerable, but as the water is not lifted which thus flows back, the diminution of 
power is not directly ns the quantity, but a permanent part of it. Leakage between the piston and 
the cylinder is calculated on similar principles as the loss canoed by the valves. 

By actual experiment, it has been found that a man may lift 80 gallons of water in one minute 
10 ft. high, by a good pump. lie will, therefore, lift I GO gallons 5 ft. high, and 40 gallons 20 ft. 
high in the same time. The labour performed by men, animals, and machinery is always a product 
of time and power; and os a man or a machine can make advantageously hut n certain number of 
motions in a certain time when applying their power, wc are under the necessity of modifying the 
dimensions of a pump to the kind aud form of motive power which wo employ. A man may make 
from CO to 80 motions per minuto without over-exertiou ; the contractions of the muscles admit of 
such a number; and if a man, or a number of men, are employed to move a piston directly, or by 
a lever, the dimensions used must bo such that tho power of the men can ix> profitably applied. 
The above standard, that is, 80 gallons lifted 10 ft. in one minute, is a high result for a man’s 
labour. It brings the unit of his power to 80 x 8 X 10 = 0400 lbs. 1 ft. high in one minute, a 
result which is, for the average of human labour, by one-half too high. Here, however, as in all 
camw when we calculate the size of a pump, it is advantageous to assume a high standard of tho 
unit power, because it will furnish a larger-sized pump than a low standard. We take thus for 
one man, 0100 lbs. lifted 1 ft. high in one minute; for the labour of an ox, 15,000; for that of a 
mule, 20,000 ; and for that of a horse. JJ0.000 ; and for a steam-engine or a water-wheel, 40,000 may be 
assumed. But as the elements by which the labour of such machines is estimated are exceedingly 
variable, wo calculate the size of pumps according to the quantity of water which is to be lifted by 
them. A man may lift bv his arms a certain load eighty times 2 ft. high, and if he is to lift 80 gallons 
10 ft. high in a minute, lie must lift 1 gallon 10 ft. high with every stroke, or every motion of his 
body ; and as his hands can move but 2 ft. high, he must either apply ft lever of 1 : 5, or lift the 
same quantity of water which is in tho space of the 10 ft. in height, only 2 ft. high. We have aeon 
above that water in pipes should not move with a greater velocity than 3 ft. jxt second, and for 
practical purposes 2 ft. ore preferable to 3. When water is to bo lifted 10 ft. high eighty time* in a 
80 x 10 

minute, this will give a velocity of — ~ — = 13*3 ft.; this divided by 2 furnishes a motion nearly 

seven times too rapid for water in pipes. Tho dimension of the pipe must be such as to contain 
1 gallon of water in 1*9 ft. of length. If now the piston or the cylinder is equally wide with tho 
pipe, the man must bo placed so as to make 2 ft. motion in producing 1 *9 ft. in the pump. Tho 
piston or cylinder of a pump is generally made larger in diameter than the pipes, because the valve 
contracts the passage in small pumps at least to one-half, and tho evlinder is for these reasons one- 
half wider thmi the pipes, which causes it to have twice the area of tho pipe. Tho velocity of the 

1 *9 

piston is therefore half that of the water in the pipes, and amounts to — = *95 of a foot for each 
motion of tho inAn. This *95 of n foot in length of the cylinder must contain 1 gallon of water, 
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and as 1 gallon is £ of a cubic foot, tho diameter of the piston muat be, when n gallon it* 215 in., 
equal to 5 in. In this calculation wo have not estimated the loss of water caused by the valves. 
If we assume that this is \ of the whole amount of water raised by each stroke, the diameter of the 
cylinder must lie <> in. in order to furnish the 80 gallons per minute. To this pump it lever must 
be applied, at the longest end of which tho man works. As his motion is 2 ft., the leverage 
*95 

must be — , or nearly 2 to 1. 

This calculation is applied to a height of 10 ft., and if the motion is only 2 ft., the area of the 
piston must be five times us large, or the stroke five times increased. If the height to which the 
water must lie raised is 20 ft., the area of the piston can be half of that for 10 ft., or the stroke of 
the pump must be diminished as the height increases. Ten times tho height of water requires a 
piston ten times less, and ten times smaller pipes for the same amount of water. As the areas aro 
ns the squares of the diameters, tho diameter of a pump is inversely as the square root of tho 
heights, or as the square mots of the quantities of water. Generally, the diameters of pumps are 
D J d :: x Q : A x q, in which formula D and d are diameters, H and A heights, Q and 

7 quantities. 

Ijoss of Power in Pumps. — The loss of power in a pump is caused by the friction of the piston on 
the sides of tho cylinder; friction in the machinery which sets tho piston in motion ; and friction 
of water in the pipes and valves, and impact. The friction of a good metallic piston is not more 
than ^ or of that of the power applied. Leather, hemp, or imlia-rubl>or cause | loss of tho 
power applied. The loss by friction between cast iron and wrought iron is | of the moving power; 
it is less between brass ami iron. Iron is very much corroded by the water of a mine, and if tho 
first cost is not considered, it is advisable to line the pump cylinders nr plungers with brass. The 
height of a piston should be at least 1 of tho diameter for metal packing; and for steel rings at 
least 1 of that length should be the length of the packing. The friction caused by those parts of 
the machinery which set the piston in motion is equal to that of the piston itself, when well made. 
All other losses, added to the above, increase the loos of jmwer — in a good pump to one-third of the 
power applied; in ordinary pumps to onc-half; and in ill-constructixl pumps to still more than 
one-half. 

Length of Stroke. — There must be a certain limit of the length of stroke; it is asserted that in 
the largest pumps tho stroke should not bo more than 8 to 10 ft., and in Imml-pumps proportion- 
ately leas. We nave seen on what lauds the stroke of a pump is calculated for any power. That 
rule, however, would make the stroke in heavy pumps too short. A consideration which has moat 
influence upon the length of stroke Is the loss of water through the valves, which amounts to n 
considerable |M*rcentage in pumps with large valves and, short stroke; anil ns this loss is uniform, 
and is the same for the long or the short stroke, it follows that a lnng stroke offers advantages in 
this respect. Another consideration is the size of the piston-rods; here tho advantage is in favour 
of the long stroke, because the force required to move a small piston is not so great as that to move 
a large one, und tho section of the rod may be smaller for these reasons. The only objection to the 
long stroke is the loss of power by increased friction in consequence of the diminished diameter. 
This loos, however, is not serious, considering tho advantages of the long stroke. In this respect 
the force-pump with a plunger has advantages over the lifting pump, because it has no valve, and 
its size may be equal to that of the pipes, while that of the lifting pump must bo twice ns large as 
the latter, and in very largo pumps at least 1$ times that of the size of the pipes. We see no 
• serious objections to any length of stroke, which is not limited by practical considerations. It may 
be urged that long cylinders cannot Is? bored correctly ; this is no serious obstacle, for a plunger 
may be turned 40 ft. long and be perfectly straight and round ; and if the advantages of a long 
stroke are so favourable as to outweigh those of the lifting pump over the force-pump, there is no 
objection to tho latter. 

Piston-Bode. — In large and also in deep pumps, the piston-rod is an object of particular atten- 
tion, and various means have been suggested to overcome the objections to long rods. This circum- 
stance alone is sufficient to balance all the advantages which may arise* from an inclined shaft. The 
pumps may be set vertically in all cases, but the pump-rods are subject to the direction of the 
shafts and drifts. In inclined drifts or shafts, a pump-rod is generally comjiowd of a number of 
short rods, which are 8Up|*>rtcd and connected by levers which rest on axes. In Fig. 2531 is repre- 
sented a system of such rods. These are made of wood, mounted at the ends with iron. The whole 
system of these rod* plays thus with the n*<cillating motion of tlu* crank, and ns they must be neces- 
sarily heavy, a great deal of power is lost by friction. Iron roils cannot be applied in these cases, 
because the distance from one support to the other must be made as long as possible. This is 
often, with wooden rods, 50 ft., and from that to 100 ft., for one length between two supports. An 
oscillating motion of any power may thus be carried to n considerable distance ; it has been ex- 
tended in old mines to many thousands of feet. In vertical shafts, similar pump-rods are used ; of 
course these are not eupported at certain lengths; the woes! is screwed together, and if tlp> depth 
of the mine is grout, the nxls are supported by chains slung over pulleys. In Figs. 2532 to 2534, 
we show the arrangement as it is commonly made. The pump-rods are of wood, carefully spliced, 
and secured by layers of timber ami iron lumps. The sticks of which the whole length is composed 
are carefully straightened, hewn, and pinned. We represent in tho engraving throe parte of the 
whole of a pump, — an upper part. Fig. 2532; a middle port. Fig. 2533; and a lower part. Fig. 2534. 
The mine may lie of any depth ; the form of the upper and the lower parts is always the same ; tho 
middle part is made longer or shorter, or the number of pulleys increased, as circumstances may 
demand. We sec here the lower part of the whole set of pumps consists of a sucking and lifting 
pump, all the other parts, however many there may lie, arc force-pumps with plungers. The weight 
of the whole length of the piston-rods, plungers, and all the moving appendages, is here equal to 
the column of water, or to the united sectional surfaces of the plungers, inclusive of the friction of 
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pumps lms merely to lift the 
piston-rods. This arrange- 
ment is judicious, for bv it 
the rods are prevented from 
receiving the pushing force, 
and it provides against vi- 
brations. The rod 1ms here 
to sustain the direct strain 
ouly : and as wood as well as 
wrought iron is strongest 
when the force is directly 
applied, the material is in 
this position used to the best 
advantage. Wooden pumj*- 
nxis are in this case, ns in 
most others, preferable to 
metal rods. We shall en- 
deavour to explain the cause 
of this hereafter. 

In the construction of 
pumps for deep mines, pump- 
rods form a most important 
particular. They frequently 
are tho only cause why a suc- 
cession of pumps is set one 
above tho other, and if we 
endeavour to limit the num- 
ber of pumps, we lose tho 
advantage arising from work- 
ing the pump by tlio gravity 
of tho red, or we are exposed 
to injurious vibrations. If 
wo apply lifting pnmps. we 
may raise a column of water 
to any height by one pnmii, 
but this requires generally 
ponderous piston-rods, and is 
soon abandoned, and the sets 
of pumps multiplied. This 
division of the whole height 
of a pump into various sets 
is in many respects advanta- 
geous ; the rods and the riijs s 
may be lighter, and all the 
machinery connected with , _ 

them, so that a tiundtcr of / ' V* 

pumps of a certain height 

each is preferable to oue pump extending the whole height, 
one pump exceeds the advantages which may be derived from 




In all eases where the height of 
the peculiarity of the material of 
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which the pump ia constructed, wo limit that height to tho nature of tho material. We have 
aecu that cast-iron pipes of <5 in. in diameter cannot bo caat thinner than J an inch. If we need 
pipes only C in. wide, it would be disadvantageous to take ft leas height for tho pump than 150 ft., 
because east iron of that thickness can boar the pressure of a column of water of that height. If 
the pipes are wider than 0 in., the height of the puiu]»e must be diminished accordingly, or tho 
thickness of metal increased. If the pump or pipe is 12 in. wide, the height can be only 75 ft., or 
the thickness of the iron must he 1 in. Are the pumps narrower than G in. in diameter, either tho 
iron can bo made thinner, or, which is preferable, the height of the pumps may be increased. 

One set of pumps is not often made higher than 150 ft., and from that to 100 ft. Each set throws 
its water into a firmly-placed cistern, from which tho next pump sucks it. The lowest set, or the 
lifting pinup, is generally not very high, and seldom oxceeds 40 or 50 ft. The water in mines con- 
tains always a large quantity of air, which is mostly thrown out at tho first pump: if this air is 
]*L*rmitted to pass into the next pump, an equal volume of water is replaced by air, and of course 
the pump does not throw so much water os calculated. The sucking j»art of tho pump is for these 
reasons never very high, and often it does not exceed 8 or 10 ft. Tho pumps are lodged and fas- 
tened upon R part of the mck. In a vertical pit. this is excavated so-wide as to admit the iiaasage 
of the platforms and of the workmen ; but the remainder of the space of the section is appropriated 
to the pumps. Such a projection extends often 3 ft. into the pit, which forms, when in solid nick, 
a strong chin or bracket. The cistern rests partly on this bracket : the largest part of it, how- 
ever, is sunk into the rock, a chamber having been excavated, with a floor on a level with the 
upper edge of tho bracket. Tho bracket is generally some few feet high, ami the shaft below 
resumes its usual form. Tho division of a pump in deep pits has also other advantages, one of 
which is that of collecting tho water from each height of a set of pump*. The water in coming 
down from above one of the cisterns is gathered into it by means of an inclined gutter cut in tho 
rock, or fastened to it. If tho depth of the mine is divided into various work-levels, the water from 
each level is gathered in tho next cistern below it. 

Setting of a Pump . — Whenever a shaft is sunk to such a depth as to require a pump; tliat ia, if 
the use of the whim ond the barrel cannot keep the mine dry, tho first or lowest set of pumps ia 
let down upon tho bottom of the pit. It consists of a cylinder with a valvc-piaton, and forma 
n sucking and lifting pump. This is of a aixe sufficient for tho whole depth of the mine, and 
when once lowered it is never raised again. It is suspended on two pairs of blocks or pulleys, as 
represented in Fig. 2535. It is well fastened above, so as to secure it firmly in it* place, and tho 
piston-rod, which i* in the interior of the straight pipes, is secured by 
a stuffing box. Tho piston lifts the water high aoove the top of the 
pump. At the upper part of tho highest pipe a leather hoso is at- 
tached, in which the water is either conducted to the nearest cistern, 
in case there is already a set of pumps fastened in the shaft, or to 
the surface, nud discharged. This fiexiblo hose allows the pump to 
be gradually lowered, ns the bottom of the pit is sunk deejier by tho 
workmen. In some cases tho lower part of tho pump— tlmt is, the 
pipe with the basket — is replaced by a piece of strong leather hose, 
which its flexible, and may be put into any jiool in the bottom of the 
pit, the workmen having previously mode a cavity for gathering the 
water. In the drawing we represent the bosket which dips into 
tho water as oom|josed of parallel rods, instead of round holes bored 
into the pipe. These oblong cavities do not till so soon with debris 
of rook, and may be made narrower, affording still a larger passage 
for water than round apertures. In some instances tho lowest part of 
the pijie is provided with a trumpet-Bhaped mouth, and a basket is at- 
tached to the pipe. The latter arrangement offers more basket surface, 
and is not 60 liable to lie filled by particles of rock ns the pierced pipe„ 

Prouo&d of a .Veto Method for Si tting Pomps , — Most of the mines 
in the Tinted States are not very deep, seldom more than 300 or 400 ft. 

Those of the latter depth arc very few; most of them also are little 
below the water levels of the country, ami many years may elapse before 
miners are compelled to extract mineral from deep ones. Many of the mines, however, contain 
large quantities of water, which prevent* tho working of them. The mean* required to erect an 
expensive pumping machine arc comparatively great, and in most cases it is not certain that tho 
mines will repay the expenses incurred ; we therefore propose the following arrangement, which 
may in some instances facilitate the working of a profitable mine, now dead for want of means to 
construct a sufficient number of pumps. 

Any mine may be worked by means of inclined shaft*, ond if they interfere with the erection 
of common pumps, and also with tho hoisting ap|»arntua, tho difficulty may bo remedied if the 
machinery is adapted to the jieculiar form of the shaft. The excavating of an inclined drift nr 
shaft is on the whole not more expensive than that of a vertical shaft; it* length i* greater, but 
tho work may be performed with more ease and on lower terms for the removal of the same amount 
of rock. We represent in Fig*. 253G, 2537, this system, and shall point out it* advantages presently. 
Fig. 253G shows an inclined shaft, whose slop*? may be more or lea* than 45 ', but in all instance* 
it should be sufficient to admit of tho uso of carriage platforms on which the cars from the galleries 
may bo driven and hoisted as they come from the workrooms. The shaft has the width for one 
track of railroad, calculated to carry as much mineral a* the mine may furnish : the platform being 
of sufficient sue for taking as many cars as may be required for one trip. The hoisting is there- 
fore done all on one track, and a* a wire rope may be made sufficiently strong for any load, no matter 
how henry, there is no objection to its hoisting all tho mineral on one platform. The platform 
thus travel* up and down on tho same track, which cause* apparently n lows of power, but not in 
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reality, as we shall see presently. The wire rope which nasac* around n guiding pulley below, is 
wound upon a drum on the top of Uio slope, or it may bo conducted over a grooved pulley and 
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worked by adhesion. A drum connected with the engine at the top, upon 
which the rope winds, has great advantage* in respect to tho durability of 
the rope, but where economy in first coat i« au object to the miner, the 
grooved pulley may answer the nurpose. One half of the Bhaft is allotted 
to the pump* and tho stairs by which the miners descend and ascend. That 
part in which the pumna are distributed is more distinctly shown in Fig. 

2537. We see there the wagon-track for the platform, aud a number of 
purnps distributed along the second rope. At each pump is a pulley, around 
which the wire rope is slung, and this drives the pump. We represent in tho 
drawing the pumps as sunk in the ground ; there is no necessity for doing 
this; they may be laid on the fhior of tho drift or posted upright. As to 
rotary pumps, any kind which will furnish most water l»y the application 
of the smallest power is right. One condition, however, must be olwerved 
in determining on the plan for these pumps ; that is, the rope travels back- 
wards and forwards, and the pumps iuu*t work to both motion*. Pumps 
which are driven by a crank offer no difficulty in that respect, although 
some kinds of rotary pumps work only in ouc direction. Any number of 
pumps may be employed with the greatest facility ; and if expense is a 
consideration, the cheapest kind of pumps, those which throw water but 40 
or 50 ft. high, may be used. If, in the course of the work, it is found that 
the pumps in operation are too small for the labour assigned to them, on 
addition to their number may be made instead of throwing the old pumps 
out. The leading principle is here to employ a large number of small 

f iumps, of limited lift, instead of only a few reaching to a great depth, and 
ifting with each set to the height of 150 or 200 ft. 

This system of working a mine is not confined to the slope; it may be 
used to eoual advantage in the vertical pit or horizontal drift, as i* shown 
in tho following figure. The inclined pit is, however, cheaper than the 
vertical one; and as the objections to it arc removed by this kind of ma- 
chinery, wo consider it to be tho most advantageous form for hoisting, 
pumping, and ventilation. If this inclined nit is of the same size a* a ver- 
tical pit, and if its length is greater than the latter, it may be excavated 
cheaper, particularly in stratified nick. A cubic yard of a vertical pit will 
cost ut least twice the price of a cubic yard in the horizontal drift: and if 
the work in the slope cannot be done quite as cheap us in the drift, it will 
cost but little more. In all instances there is not much more room required 
in the slope than in the shaft. 

In Fig. 2538 we represent the same principle adapted to a vertical shaft. 

In fact it does not make any essential difference if the system is applied 
either to the one or the other form of eutrance. The chief objection to the 
vertical shaft is its admitting only a small platform, which, even if it takes as much mineral as tho 
large platform of the slope, or that of the drift, it requires more time to unload. Assuming that in 
most, if not in all cases, the dog-cart is the most profitable in our mines of limited extent, that 
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cart moat bo admitted upon the platform at once, and alao cosily removed. When a largo quan- 
tity of mineral, such as cool, is to Ikj hoisted, a number of carts must find mom at once on the plat- 
form, without being much crowded. It is not objectionable to make the platform of an inclined 
piano in the form of steps, so that it may afford a large area. To this arrangement there is, how- 
ever, some objection in the vertical pit, because it would require a high tower to bring all the 
platforms, if more than one, al*>vo ground and unload them with dis]>ntch. It ne«vls scarcely U» 
oe stated that the ro|»e which drives the pumps requires no greater strength than is necessary for 
that purpose. Either mpe, it may be that for hoisting or for pumping, has its peculiar size. Roth 
ropea need not be of equal size. 

In respect to ventilation, this system offers peculiar advantages. Whore no air-sliaft can be 
located conveniently a blower may be placed at the bottom of the pit, aud driven by the guide- 
pulley. The changing rotation of that pulley is no objection, for if u common fan-blower with 
radial vanes is employed, it does not make much difference which way it is driven. The blower is 
here at the best place in the whole mine. The air is here heaviest and of most force. 

Various Forms of Pumps . — In conclusion, we furnish various forms of pumps now in use, and 
select such specimens as are most suitable to secure the desired effect with the least labour and 
expense. When water is to be lifted only 2 or 3 ft., the use of the common water-bucket is alxmt 
as profitable as any instrument we could apply, particularly if no other motive power but that of 
man can lie employed. If circumstances admit of tho use of animal power, or water, or steam- 
engines, these of course are preferable to human labour, because they are cheaper. If a unit of 
power is represented in that of a horae-power in the ste&m-engine, which is by general agreement 
33,000 lbs. lifted 1 ft. high per minute, and we calculate the cost of that unit in the vurious means 
by which mHchinory or pumps may be driven, we find the expenses for one hour ns follows; — The 
cost of that unit of power in a water-wheel is very small, and amounts to the interest on the capital 
invested. If wo neglect this item in all cases, which properly may be done, because it is variable 
and depends chiefly on localities, we find tho cost of one horse-power in tho water-wheel per hour 
a mere nominal sum. The same unit canses in a Cornish steam-engine the use of 3 ‘5 lbs. of coal, 
to which tho wages of engineer and fireman, and also the cost of repairs must be added, which may 
increase the expense about 1 cent per hour in large engines, and 2 cents in small engine*. Tho 
price of coal is very variable in the United States, and so must bo the cost of power in a steam- 
engine. A common engine with crank and fly-wheel, well made, and of at least 100 horse-power, 
will consume 5 lbs. of coal for the same power. A steam-engine of less power and high pressure, 
will consume 10 lb*. ; and a small engine, of from 15 to 20 lbs. of coal per hour and per horse- 




be large enough to cover the whole area of the opening, to prevent injury 

to the leather. These pumps nmy bo made 12 iu. square inside, and even wider than that, but it 
is not profitable to make them leas than G in. square. Water cannot well be lifted with these pumps 
to a greater height than 12 ft. 

Spring- Poles for Pumja . — Tho meana by which to cause the oscillating motion of a pump piston 
oro various. The crank appears to create the most imperfect motion, for any pump to which it ia 
applied furnishes loss water than when other means aro used. Human lal»our ia generally applied 
to a lever of unequal lengths, on the longer part of which tho moving power nets. This appears to 
be the most profitable form of applying the power to common pumps. On board the flat-neats, on 
the Western rivers, n kind of square pump is in use, which is very imperfect so far as the pump 
itself and valves are: concerned, but a man may throw a large quantity of water with one of them. 
These pumps aro provided with a spring-pole instead of a lever. Wo have found this to be an 
efficient means of conducting power to the pump, and consider it the cause of the large quantity of 
water raised. In adapting spring-poles to other pumps, the quantity of water raised is greatly 
augmented. The arrangement is in this case as represented in Fig. 2540. The rationale of this 
operation is ns follows. When the clastic spring-polo is depressed with the piston to tho lowest 
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column of water by its elasticity. The change of motion is here very 
the valves quickly, so that not much water can return through them, 
column of water with a great velocity, will mount to a higher point t 
when at rest, and return from 

that elevation quickl v. This re- * M0 - 

turning motion may be assisted SL » 

by the moving power. The suck- - — 

ing valve also is here forced to - M- 

shut quickly for the same reason 
as tie piston- valve. Another -^1 
advantage may be found in th* 

mode of applying the muscular 4® P ^ » 

|Miwers ; the upward etn-ke being 
I** rf- -rnied by the rod, the moacles 



of the men are free to relax and 
gather fresh energy for the next 
* as an 



latter is converted into linear 

motion. A quick cliange is caused by the elastic spring-pole, and a slow change by the erank. 
If the same power and pump furnish more water when worked by means of the first than by 
the latter, the principle involved in the motion of the first must lx? more correct than in tbo 
latter. This applies, of course, to pumps generally. In constructing pumps, and particularly 
the connection between the moving power and tho piston, we should apply this aid in all cases. 
When the pump is driven by horses, oxen, a steam-engine, or a water-wheel, which |x>wor cannot 
be employed liko that of intelligent men, we should apply that forco to on elastic medium enpablo 
of producing a similar motion as the spring-|»ole. We indicate in the drawing the application 
of a uniform rotary motion, by means of cams to the piston-rod itself. This may bo adapted to 
a communicating lever, or a prolongation of tho spring-jMilo ; but in no case will it work to 
advantage when applied to the spring-pole itself, at a place between the pump and the fixed point 
of tho spring-pole. It is not necessary, and is also impracticable, to employ a spring-pole at largo 
and permanent pumps, but by whatever means the motion is produced, it should be of this nature. 
The elastic medium has au improving and regulating effect upon the action of a pump. In attach- 
ing steam-power to a pump it is therefore proper to dispense with the fly-wheel, and apply tho 
steam directly to tho piston-rod, or a rigid connection with it. We observe here that au elastic 
piston-rod will be productive of the reverse effect produced by the spring-pole. 

In Fig. 2541 wo represent a lifting pump, composed of iron pipes, and a wooden piston-rod ; tho 
latter is shod with iron, where it is connected with tho piston. In Fig. 2542 are two sections of the 
piston, the pocking of which 

may be taken out and put in 1M1 * 2 ^* 3 - 



from below, so that both suck- 
ing valvo, lifting valve, and 
pocking ore accessible from 
the ono valve chamber, and 
the piston-rod need not be 
drawn when anything happens 
to tho piston, or when the 
packing or valve is to bo re* 
placed. The packing is hero 
protected against coarse sand 
and stones by the upper port 
of the metallic piston, which 
is made so large in diameter 
ns to close very near to the 
sides of tho pump. A strong 
iron hoop is bent over the 
sucking valve in the form of a 
protecting arc, in order to pre- 
vent injury to tliat valve by 
the piston, in case it should 
drop. 

In Fig. 2543, we represent 
a forcing pump with a de- 
scending plunger, which may 
be considered a specimen of a 
good pump of this kind. The 
weight of tho plunger, which 
may be modified by inserted 



weights and piston-rod, is hero 
calculated to force the water into the lifting 



.......g pipe. As the changes of such n heavy rod cannot be 

aided with a spring-pole, the valves must not open too far or they will be liable to lose much water. 

4 w 2 
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The pecking of the stuffing !>ox may bo hemp : vulcanized india-rubber is however better; leather is 
frequently used, but anti-friction metal or brass is preferable to either. The sucking pipe is never 
very long in tliesc cases, that it may not lose much water by the liberation of air from the water. 

Fig. 2544 is a drawing of a pump of the largest kind ; the mickiug valve is represented as being 
ojx'i), and the forcing valve shut; the piston is half-stroke, and ascending. This kind of pump 
works very advantageously owing chiefly to the peculiar arrangements in the valves. As this is 
an object of importance, we furnish the valve in various figures, which represent sections and views 
of it. Fig. 2545 shows a vertical section of the valvo when open ; tho movable port, as is seen, 
rises to a small height only, and consequently shuts very quickly, affording a largo passage for 




water. In Fig. 254C tho valve is represented as shut. Fig. 2547 shows a view of the valve shut. 
Fig. 2548 is a section of the immovable ]iart of the valve; and Fig. 254!) a section of the cap or 
valve itself. Fig. 2550 is a view from above. 8eo Archimkdian Screw. Artesian Wells. 
Boring and Blasting. Coal Mining. Construction. Copter. Float Water-wheels. Iron. 
Lead. Pumps and Pumping Engines. Tin. Valves. 

DRAINAGE and STENCH TRAPS. Fb., Puiearda dVcoulcment ; Geb., Senkgruben ; Ital., 
Valtola a tenuta cT aria ; Span., Aparatos inodoroe. 

See Traps, Drainage and Stench. 

DRAWBRIDGE. Fr., Pont-ievis ; Ger., ZugbrOcke ; Ital., Ponte Icvatoio ; Span., Puente levadizo. 

A bridge of which either a part or the whole is made to be raised up, let down, or drawn or 
turned aside, is termed a dratebridge. Tho movable portion, or draw, is called, specifically, a bascule, 
balance, or lifting bridge, a turning, swivel, or swing bridge, or a rolling bridge, according as it 
turns on a hinge vertically, or on a pivot horizontally, or is pushed lengthwise on friction rollers. 

The bridge showu in Figs. 2551 to 2554 is a rolling drawbridge, designed by C. T. Guthrie, for 
military purposes, for which it is well adapted. However, drawbridges for civil use constructed 
on this principle may bo applied with much advantage. 

The bridge is formed of two rolled or built wrought-iron girders, covered with planking, and 
supported at their centres by cast-iron struts ; these arc suspended by links in such a manner that 
while the upper ends of the struts arcomjxany the bridge in its motion, their lower ends travel 
nearly vertically against tho escarp wall. Thus their centres of suspension, which aro also their 
centres of gravity, descend in circular arcs, whilst their np|>er cuds which support the bridge 
ascend in arcs of a certain curve. The weight of the struts is thus opposed to the weight of tho 
bridge, and the position of their points of suspension, their angle of inclination, and weight, and 
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centre of gravity of the bridge. It is unnecessary for any practical purpose to find the equation 
to these runes ; suffice it to say that the first is compounded of the equation of a circle and its 
diameter, and the second of the equation of an ellipse and its diameter, and that while one centre 
is moving diametrically, the other is moving perimetrioally. 

The constructive method of fiuding the proper curve for the racers is as follows ; — 

While the centre of the bridge ascends in the arc A B, the centres of the struts descend through 
the arc D K. Now as the struts are to balance the bridge in every position, the relative vertical 
rate of motion of their centres must bo inversely as their respective weights. Draw the hori- 
zontal lines A C, D K, then the weight of the bridge is to the weight of the struts as K E is to C B, 
and the centre of the bridge must jxiss vertically from C to B at the same relative rate at which the 
centre of tho struts passes from KtoE. Draw tho sector BG C„ similar to the sector CDE, and 
divide the arcs BG and D E into the same number of equal parts, and draw tho horizontal lines 
g a, g x a„ g t a *, and so on, dk, d t k l% and so on. Then it is evident that if tho centre of the bridgo 
rises successively to the levels </, g v and so on, while tho centre of tho struts falls to tho levels 
d, d t . and bo on, respectively, the conditions of equilibrium will be fulfilled. So from the point 
d, with a radius DA. describe an arc cutting the lino ga in a, join nd, and from d, with a radius 
D F, strike an arc cutting ad produced in /, then / is a point in the required curve. Similarly /„ 
/„ /„ and so on. may be founu. The |>art of the curve taken for the racers deviates very slightly 
from a straight line. 

The most convenient proportion to make tho several parts of a bridge of this description, which 
may vary in length from 10 to 40 ft., is perhaps to give tho struts an inclination of 30°; to make 
them half the weight of the bridge, and to cause their centre of gravity to descend, as the bridge 
is rolled bock, twice the space the bridgo itself has to ascend. 

Along with simplicity and cheapness of construction this military drawbridge fulfils tho fol- 
lowing necessary and important conditions; — 1. The bridge is not greater in length than tho 
opening intended to be smnned; 2. When the bridge spans the o|>ening it is flush with the road- 
way ; 3. It does not involve any alteration in the construction of the roadway at either side of tho 
opening; 4. The force necessary to move it is so slight that any assistance from machinery is in 
moat cases unnecessary; 5. A single action is sufficient to move it; C. When the bridge is rolled 
bock no part of it is exposed to damage by fire from tho flanks; 7. Where gates are used in con- 
nection with the bridge, it is capable of being railed in either direction while they remain rinsed ; 
8. When the bridge is rolled in and the gates closed, no lodge is left to assist on enemy to bridgo 
the opening. 




Figs. 255C to 2558 represent an equilibrium drawbridge by J. C. Ardagli, K.E., in which no 
counterpoiaea are required; tho diagram, Fig. 2559, shows how this equilibrium of tho bridge in 
every position is attained. The platform xy, x'y' is sus|icudod to the (toints Y, Y, l»y the rods Y B, 
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and il« inner extremity x'j/ bears by means nf flanged wheels on rails Ox'y' Y, enrved in such a 
manner thnt the centra of gravity of the platform A shall movo on tho horizontal lino X X', tlms 
securing equilibrium in every position. Tho curve may bo drawn graphically, or calculated from 
the following equation ; — 








When tho centre 
of gravity bisects tho 
span, and the point of 
suspension meets tho 
outer extremity of tho 
bridgo when raised, 

a : b : (c = p) i r : : 1 

: 3 : 4 : 5 . 

The smaller dia- 
gram, Fig. 2560, shows 
the mode of applying 
this principle to dock 
or canal bridges, where 
its compactness and 
lightness are advanta- 
geous. 

Fig. 2561 shows an 
ordinary drawhridgo 
with a very simple 
description of counter- 

r o, also invented by 
0. Ardagh, K.E. 

Tho weights which 
balance the bridge 
when in a horizontal 
position are attached 
to pulleys working on 
slings of chaiu or wire- 
ropo which constrain 
them to movo in an 
elliptical curve, and 
preserve tho equili- 
brium of tho bridge ill 
every position. Tho 
theoretical curve, 
which is a sinusoid, 
may bo graphically 
described by the con- 
struction shown in dotted lines. Fig. 2561 ; and tho foci of the ellipse, which most nearly coincides 
with it, will indicate tho points of suspension of the sling. 
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A Wevjh-bridgc i«nn apparatus employed for weighing conveyance*. The platform A B, Fig. 2562, 
on to which the vehicle in drawn, reft* on four feet, a, ft, a., ft., upon as many lever*, CD, C'P’, 
C, P„ D',. movable round the point* C. C* , C,, C'„ respectively ; which rest by their free extre- 
mity D, I)'. D,, or I)',. upon a cross-liar TT; this bar rests at the point 1 upon a lever H K, mov- 
able round the point II. The extremity K of this lever is united by a vertical rod K L to the 
Hmnllcr arm of a lialance, movable around the jioint O, and lx<nring upon its longer arm a sliding 
weight p. The distance O X = x, at which it is necessary to place the sliding weight in order to 
retain the beam in a horizontal position, gives the measure of tno weight P of the conveyance. 

The points C, O', C,, C,. are equidistant from the cross-bar T ; the same with the points «, ft. 
ft„ on which are placed the four feet of the platform. It follows, first, that in every position of 
the apparatus the platform remains horizontal. Let ns suppose, then, that the relation of Ca to 
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C D is that of 1 to n ; if the cross-bar be lowered to nn extent k, each of the points a, b , a„ will 
bo lowered by - ; the platform will then remain horizontal, and will be lowered by - . I,ot us next 

n ” fi 

suppose that the relation H I to H K is that of 1 to n', the |>nint I being lowered by A, the point K 
will be lowered by n'A; and the same will take place with the point I. Then the point X will 

be elevated to an extent indicated by a' A or a' A calling / the distance O L. This being 
settled, let us apply to the system the principle of virtual velocities. The effect of the weight 
p ia + — . The virtual velocity of the weight p is — /> . n'A . The virtual velocities of the 



reactions of the resting points O, H, C, C\ C„ C'„ are = 0, if wo overlook the friction, as it is 
allowable to do when tho contact is everywhere maintained by a knife-edge. Besides, the other 
forces which act upon the system are mutual forces, equal two and two, and of contrary 
signs, and whose virtual velocities disappear on computing their sum. There will then remain 
PA r x 

— — • p n’ A - = 0, whence P = p . an*. 

If, for example, wo have n = n' = 10, and />=!*, it will result that P = 100 k . f . 




The drawbridge represented in Fig. 2503 is comjioscd of a platform O A, movable around a 
horizontal axis l) by means of strong pivots, the coussinets of which are fixed on the side of the 
scarp. Two chains, of which only one, A B, is seen in the figure, attach tho anterior portion of 
the platform to two plyers BC, movable round a horizontal axis O', united to one another by cross- 
beams mid a St. Andrew’s crow, and having at the back part a counterpoise Q, usually of stone. 
'Die npjwratns is so arranged that if we join the points of attachment A and B of the chain to the 
points O and O', we obtain a parallelogram A BO'O, attached at its four angles, and which does 
not cimse to bo a parallelogram when the imsition of the platform is altered, seeing that its opposite 
sides remain equal. 

Further, if g is the centre of gravity of the platform, and g' that of the Bystem formed by tho 
beams and their counterpoise, tho weight Q and its position are diiqxwcd in such a manner ns that 
by joining aud </'()', wo have two |*arallel right lines; theao right lines remain parallel when 
tnc position of tho platform is changed, seeing that they make equal angles with AO and BO', 
which remain parallel. Finally, the weight P of the platform and the weight P* of the system of 
the beams and their load are so regulated as that there may be equilibrium in everv position of 
the drawbridge. To this end, let T be the tension of one of the chains, and let a f*> tho angle 
which the two right lines g O and j/'O' make with tho horizon in any position whatever of the 
apparatus. The platform is a lever of the second kind, subject to tho forces T, to tho force P, and 
to tho reaction K, exercised upon the axis O; taking tho momenta of theso forces in their relation 
to this axis, and putting aside the friction, wo shall then have 2 tl T = Pj O cos. a, the character 
_(R designating the momentum of the force T. The beams form a lever of the first kind, which 
id the same way gives 

2 JR T = P* y' O' cos. a. [2] 

Comparing the relations [1] and [2], we obtain 

P g O = PV O', whence £ = [3] 

a relation which is independent of the angle a, and which will take place in consequence in any 
position whatever of the drawbridge, provided that it takes place in a particidar position, for ex- 
ample, in the position whore tho platform is horizontal, or where a = 0. 

Either of the relations Tl] or [2] will give the tension T; it will bo sufficient to make a = 0, 
and to replace Jfcl T by T O I, the factor O I being tho perpendicular lot fall from the j»oint O, or 

the point O’ upon A B. We shall thus have 2TOI = P ^ O, whence T =s | P ~ . 

Tho reactions upon the axes O and O' will be obtained in tho same way as for the lever, that is. 
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by bringing in the forces T and P, or T and P\* composing these two forces by the parallelogram 
of forces, and taking the resultant in a contrary sense. 

It will be observed that if we join gg\ the point G when this right line will meet 0 O' will be 
the centre of gravity of the system of the weights P and P'. For the triangle* g O G and g' O G' 
being similar by reason of tho parallelism of the right lines g O and >f O', we have 



Qg _gO _ P 
Q'g j7'0'“P 



M 



Tho point G remains immovable in every position of the platform, for tho same triangles give 

go 

VO'’ 



GO 
G O' : 



[5] 



In some cases another arrangement, invented by M. Delille, which is foonded on a different 
principle, has l*»en adopted. The chains arc replaced by straight rods A C, Fig. 2504, which are 
attached to the extremities of the axis of a horizontal cylindrical roller, which is made to move 
upon curves M N. Let us suppose the weight P of the platform to be resolved into two parallel 
forces | P applied, the one at A, the other at O. Let P 1 be the weight of the roller, and let g lie 
the point of application of the resultaut of tho forces $ P and P", or, what amounts to the some, the 
centre of gravity of the system of the weights § P and P 1 . The curves M N are so described, that 
on moving the drawbridge, the point g describes a horizontal H H' ; it follows from this that the 
system is an equilibrium in every position. In fact, the virtual velocity of the force $ P applied at 
O, and of the reaction exercised on this axis, is zero, since their point of application is not displaced ; 
the virtual velocity of the reaction exercised on the roller by the curves M N is zero, because that 
reaction being normal to the curves is perpendicular to the elementary line described by its point 
of application. There remains the virtual velocity of the (faces } P and P' applied, one at A. and 
the other at C, or. which amounts to tho same, the velocity of their resultant applied at g. Now 
this resultant is vertical, whilst tho elementary line described by tho point g is horizontal ; its 
virtual velocity is then constantly zero. Thus the sum of tho virtual velocities of all the forces 
applied to the system remains nil in any position whatever of the drawbridge, the system is then 
constantly in equilibrium. To trace the curves M N, Figs. 2504, 2505, we commence by deter- 



25 w. 





mining the point g for a given position of tho platform. Through this point g we draw the hori- 
zontal 11 IF. Wc then give to the platform any new position O A'; from the point A' as centre 
with a radius envoi to A g we describe an arc intersecting H H' at a point g‘ ; we join A';/'; and 
take on this right line a length A' C' equal to A C. The place of the points C' thus obtained is a 
curve of the 4th degree m n, which we might trace by the help of its equation, but which is more 
easily determined in tho way just stated. This done, from each of the points C as a centre, with 
the radius desired to bo given to the roller, we describe a circle: and then draw a curve M N tan- 
gent to all tho circles thus described ; this is the curve required. The curves M N are executed in 
iron, and form the lower bonier of a cavity contrived in the wall of each side of the passage, in 
which rest the extremities of the roller. From the manner in which these curve* have been 
obtained, when the cylinder travels upon them, the extremities of its axis describe the curves m n, 
and the point g describes the horizontal II H'. 

Another arrangement, contrived by Belidor, has also boon employed. The chain which suspends 
the platform passes over a pulley P, Fig. 2505, ami is attached by its extremity to a roller C form- 
ing a counterpoise, and traversing upon a fixed curve M N. This curve is determined in the 
following manner. Let m be tho initial position of the axis of the roller, corresponding to a hori- 
zontal position of tho platform ; fnnn the iioint m a horizontal m A. The platform is next placed 
in some other position, and we measure the vertical distance G I travelled over by its centre of 
gravity. If P is the weight of the platform, I* G I is the negative velocity of the weight upon tho 
platform. Let /> be the weight of the roller, and C K tho distance from tho point C to the hori- 
zontal mh; p C K will be tho jiositive velocity of the weight upon the roller. Ignoring the frictions 
we should then have for the equilibrium FGI = pCK, whence we can obtain OK, and conse- 
quently the horizontal passing through the point C. On the other band, the length of the chain 
Is-ing known, if we cut off from it A D. and trace the developing line described bv the extremity C 
when tho rest of the chain rolls over the pulley, starting from tho poiut D, we shall have a curve 
which should contain tho point C. This point will then bo determined by the intersection of this 
curve with the horizontal drawn at the distance C K from »n A. Wo can determine in a similar 
manner as many potato as may bo required of the curve m n described by the centre of the roller. 
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The curve M X may be deduced from thin by tracing the lino enveloping circles described round 
different points of in « as centre with the radius of the roller. 

Bee Bridge, p. 701. Fortification. Virtual Velocity. Weighing Machines. 

DRAWING FRAME. Fb., Etircur ; Gf.r., Zieh odcr Strecbnoschinx ; Ital., Stiratoio ; 8l’AN., 
Estirador. 

Bee Cotton Machinery. 

DREDGING MACHINE. Fa., Cure~m6le ; Drtupurur ; Ger., Bagycrmaschmc ; Ital., Cavafawjo; 
SrAN^ lhnuja. 

Dredging is effected in various ways ; either by drags, or scoops, or rakes, or machines. There 
are two sorts of hand-drags, one for raising mud, tho other sand ; the first consists of an iron box 
pierced with holes, open in front as well as at the top ; to this is attached a slightly flexible handle 
of a length proportionate to the depth it is to work in. When this is mado use of, the men in a boat 
make tho iron box enter tho sand, sustaining the handle ou the shoulder, and when it is filled they 
raise it, and if there be any large stones they are disengagod by means of hooks ; a man will raise 
in this manner, where the depth is not more than 4 or 5 ft., a cubic yard in the course of a day, and 
sometimes more. 

The drag for mud is differently formed : it is an iron drag, to which a canvas hag is attached by 
passing a cord through holes made in the ring purposely to receive it ; that part of the iron rim 
which is intended to touch the ground and enter the mud must he sufficiently strong ; two men in 
a boat or punt are required to manoeuvre it, and in the course of a day they will raise 12 to 14 
cub. yds., if the depth does not exceed 6 ft. When a boat is made use of, it is first moored in such 
a manner that it caunot drift; such a drag allows the water to flow out of it, and retains only the 
solid matter. 

The Ijouehette, or kind of spade, or a collection of them. Is used for cutting or extracting turf 
under water without the necessity of first pumping it dry ; this consists of a light iron frame, whioh 
is armed all round with a cutting blade, in length about 3 ft. ; the part between it and tho handlo 
is open, being formed of four horizontal rods and two vertical ones ; these receive the turf after it is 
cut and detached, and enable the workmen, by means of a rope and windlass, to pull it up. These 
cutting instruments have a variety of forms given to them to adapt them to the peculiar work they 
may have to perform. 

Tho box shovel consists of an open box fixed at the end of a long handle, usually made of iron ; 
the cutter traverses in a groove, and is worked by another handle ; by this the turf is cut and 
detached, and each successive piece falls into the box ; as many as four turfs may be drawn up at 
one time. Dredging machines have been constructed in various ways, and of iron or wood, accord- 
ing to the nature of the service. Borne machines have been arranged so that tho system of chain 
and buckets should work through a channel in the middle of the vessel ; others with one system 
on each side, and others with the buckets working over the extremity of the veosel. But in general 
the modern practice is to place the machinery towards the extremity of the vessel, to allow of tho 
working of the ladder (which holds tho buckets) freely on either side of the vessel. Bv this 
arrangement liargcs can lx» laid along both sides of the vessel, and tho material raised by tho 
machine be taken away easily. Perhaps the most popular form of machine for dredging pur- 
poses is tho spoon dredger; however, we shall confine ourselves to the choin-and-buckct dredging 
machines. 

Tho best-adapted boilers and engines for dredging purposes are those upon the marine principle, 
as in them compactness and stability are combined, and for which reasons those of that description 
are generally applied ; in practice it is found disadvantageous to tho profitable working of tho 
machine if the engine be not of a proportionate power to the depth of water, the buckets or a suit- 
able number, and the bucket-frame or sufficient length to lie at a proper angle. Hence the follow- 
ing arranged proportions are annexed as the best adapted for working at or about the various 
specified aepths from which the material is to be raised. 



1 Xnmliul 
Horse- power 
of Engine. 


length of 
Bucket-frame 
In feet 


Number of ■ 
Ducket*. | 


ivpth of 
Water in fart. 


21 


60 


35 


19 


28 


70 


38 


22 


32 


80 


46 1 


27 



The boat or support requires little or no peculiarity of form otherwise than that of proper sta- 
bility; it must be strong and well put together, or a constant tremulous motion is created by tho 
actiuu of the machinery, and tho pnqtor effect of tho machine in a measure destroyed. Tho boat 
must also be of a magnitude sufficient for the receiving of the machinery, with a proper clearance 
for the backets, according to tho depth of water and different positions in which, on that account, 
they arc no frequently required. In constructing tho Tbalio aud Orison viaduct on the Paris and 
Lyons Railway, a bog or morass prevented tho dredge-boats from entering; the engineers had tho 
dredging ap)»aratus removed from the boat and placed ou a movable platform, shown in Figs. 2566 
to 2568. The foundations having to be laid in an oozy or a miry soil, the port to bo operated upon 
was enclosed on both sides by double rows of planks and piles, shown in Fig. 256s. 

Fig. 2566 is a longitudinal section of this movable enrriage-dredge when mounted aud in work- 
ing order; Fig. 2567 a plan; and Fig. 2568 a view of the end upon which the steam-engine is 
placed. Tim dredging machine consists of a chain with buckets a, of which the axis of rotation C 
is mounted upon two parallel trestles c, fastened together upon two strong deepen B, connected at 
each end by a scries of transverse beams d , which constitute the rolling platform of the machine. 
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Upon two of those transverse beams <1 a small steam-engine of the locomotive class is flrralv fixed, 
which moves the dredge. The platform B is moved upon four small wheels e, the axes of which 
are made fast to the transverse pieces rf; the whole machine moves upon two strong bevolled 
sleepers A, placed across the principal platform, which moves upon six wheels /, secured by the 
beams j. bo that the machine can 1m? readily moved across tho platform, and the platform and 



machine at any time can lie rolled along two wooden rails g, made fast to the piles and running 
the whole length of the enclosure. Tho buckets N empty themselves upon a tray O, Fig. 2566. of 
which the inclination may l>e regulated at will ; this tray deposits the material in a wheel barrow 
or hand-cart. The chain of tho buckets presents nothing peculiar; it is similar to that of an ordi- 
nary dredging machine. The inclination of tho chain ami bucket-frame is regulated by means of 
a winch m, fixed at the extremity of tho frame It. This dredge is simple in construction and 
effective in operation ; in tho instance referred to it raised material from a depth of 26 ft. The 
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gear docs not act directly, but by means of a belt K 
ami pulley L, placed on tho crank-shaft 6 of the fly- 
«hed 7 . Ob the otto 1 U 0 Ijtoo b b pulley i/. 
fixed upon an intermediate axle /, which transmits 
motion to the axis C of the chain of bucket) by mean* 
of the pinion E and wheel F. A steam-engine of 
4 horse-|>ower wan employed, making fifty-five strokes 
a minute, giving to the shaft of the chain of bucket) 
nine revolutions a minute, and delivering twelve 
bucket) of earth in the tray O during the same time: 
each bucket contained about six gallons. Allowing 
for stoppages, this machine raised from 200 to ,'tOO 
cub. ft. of 1 ‘artli in a day. working tflO hoars. 

Tke Steam- Dredger, Figs. 2509 to 2571, built by 
Simons and Co., of Renfrew, for the Commissioners 
of tho Government Works, at Carlingford Lough, 
Ireland. This dredger when completed steamed from 
tho Clyde to Carlingford Lough, with her bucket- 
ladder in its working position. She behaved very 
well in a gale which she encountered when crossing 
the Channel, and she made on her trip an average of 
seven miles an bovor. 

The engravings, 

Figs. 2569 to 2571, 
exhibit the general 
arrangement of the 

vessel ; her principal tC/J 

dimensions are os fol- 7? 

lows ; — /y 

Pert. -/7 
Length .. .. 157 ^// A 

Beam .. ..27 iff Jf 

Depth of hold . . 9f jy M 



The hull is 
strongly built of iron, 
and divided into four 
water-tight compart- 
ments, and the main 
framing for carrying 
the upper works is 
well braced, to stand 
the various strains to 
which the vessel is 
subjected. A puir of 
horizontal condens- 
ing marine-engines 
are arranged to work 
the dredging buckets 
or the twin propel- 
lers, as may be re- 
quired. 

The iron bucket- 
ladder is 90 ft. in 
length, and weighs fit 
tons when the buckets 
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arc at work. It Li diagonally braced to stiffen it when 
at work in deep water and a rough sea. In ordinary 
working fourteen buckets are discharged a minute into 
the barges moored on either side of the dredger. The 
hoisting barrel, with its chain-blocks and connections 
for raising and lowering the ladder, weighs 15 tons, and 
tho hand-levers aro conveniently arranged for one inan 
to work. Tho various motions for moving the vessel 
ahead, astern, and athwartship are provided with differ- 
ent speeds, and are driven by friction gearing. 

The main gearing for working the buckets is also 
worked by a large bevel-wheel placed in tho engine- 
room, and fitted with on adjustable friction centre, so os 
to prevent accidents in case of an excessive strain being 
thrown on the buckets. The upper tumbler is four- 
sided, nnd is provided with steel bars firmly fixed. Tho 
bucket backs are also of steel. The lower tumbler is 
five-sided, and has the end flanges formed so as to guide 
tho buckets and prevent them from overriding when 
side dredging is Wing performed. The flanges also pre- 
vent tho largo boulders from getting on tho tumuler 
l>ows. A four-sided lower tumbler fitted with side cut- 
ting knives and Q-picccs to catch between the links has 
been tried, but this form of tumbler did not appear to 
work so well as the larger five-sided one, not clearing 
itself so well of the boulders. 

A powerful bow craft winch is fixed on deck for keep- 
ing the vessel up to the cutting face, and a similar craft 
is fixed at tho stern. The engine-room is supplied with 
the necessary indicators, gauges, counter, and telegraph 
from captain to engineer. 

As the dredger has stormy weather to contend with, 
her machinery is designed so that a great portion of its 
weight is placed as low in the vessel as possible, so as to 
balance* the upper parts and stiffen her. Independent 
donkey-engines drive the bow and stem crabs, and work 
bilge-pumps in connection with the various compartments 
of the vessel in case of a leakage. Tho cabin for crew 
is comfortably fitted with sleeping berths, lockers, and so 
on, for each man, a separate cabin being provided for the 
master and engineer. 

Tho operation which the dredger has to carry out. 
namely, cutting Carlingford liar, is rather a formidable 
undertaking. The work has to be done in an exposed 
situation, the bar being in the open sea, in the British 
Channel, and tho water is seldom smooth, whilst the 
tide runs with considerable force. 

The bar consists principally of stiff blue clay, inter- 
mixed with a large proportion of boulder stones, many 
of them much larger than the buckets. These boulders 
are pushed forward by the lower tumbler, forming a 
mound in front of the cut, and occasionally some of these 
large atones are brought up between the buckets, resting 
on the links of the bucket-chain, when they are lifted 
out by tho crane on deck. It is intended that the large 
boulders should be raised by divers, such stones being 
much too largo for the buckets to lift, although each 
bucket has a capacity of 9 cub. ft. 
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One steam-hopper barge of 200 tons burthen, and two hopper barges without power, each of 
120 tons burthen, attend the machine to remove the dredged material and drop it in deep water. 
The larger barge can bo filled in less than on hour under ordinary circumstances. 




Owing to the unusually exposed position of the work, 
the moorings to hold the dredger when in action have 
to be very strong and heavy. They consist of powerful 
head and stern and four sido anchors, all firmly secured. 
When the sea gets so rough as to drag the anchors and 
prevent dredging, the propellers are connected, the moor- 
ings let go (with buoys attached), and the dredger steams 
to a sheltered part of the lough until the weather mo- 
derates, and then tlio machine can again steam to tho 
bar, pick up her moorings, and recommence operations. 

The channel to be cut through the bar is about a mile 
in length by COO ft. wide, and it is to be deepened from 
8 ft. to 21 ft. at low water. Owing to the rise and foil 
of the tides, a part of the excavation will bo done in 
37 ft. water. The work has been carried on by James 
Barton, of Dundalk, and R. Hickson, tho resident en- 
gineer. 

We illustrate, by Figs. 2572 to 2575, an arrangement 
of dredge, designed and constructed by Morris and 
Cummings, of New York, and which lias been used with 



26 ? 4 . 




considerable success for dredging between the slips or jetties on the Hudson river. In this machine 
the dredging is not performed by a chain of buckets, but by a single bucket, of somewhat peculiar 



Digitized by Google 






1296 



DREDGING MACHINE. 



construction. The bucket consists, ns will be seen by the engravings, of two parts hinged together, 
and provided with an arrangement by which they can bo ojiened or dosed. The two parts of the 
bucket are hinged at their upper inner corners, and from their outer sides tic-rods, or links, extend 
to a cross-bar, the ends of which work in guides, as shown. When this cross-bar is raised in the 
guides, the two parts of the bucket are caused to open from each other, whilst, when it is caused 
to descend, tho two halves are forced together, and caused to securely hold any materials contained 
within them. The raising or lowering of the cross-bar in its guides is effected by two chains, both 
of which pass up over the pulleys at the end of tho crane-jib and down to the hoisting machinery, 
each chain being led to an independent barrel. One of these chains is attached directly to the 
cross-bar above mentioned, whilst the other before being connected to that bar is led round a 
puller placed beneath it. 

W hilst the bucket is being lowered, it is suspended by tho first-mentioned chain, and the cross- 
bar is raised in its guides, and the two parts of the bucket kept apart. As soon as it reaches the 
l)ottom the strain is brought upon tho other chain, and the cross-bar is thus hauled down in its 
guides, and the parts of the bucket closed before the latter is raised towards the surface. The 
hoisting machinery consists of a pair of horizontal engines, which by means of a friction clutch can 
be made to drive either cliain-drum at pleasure. The bucket is guided during its descent by a 
pair of wooden poles attached to the guiaes of the cross-bar, these poles working through eyes fixed 
near the top of the crane-jib, as shown in the figures. After the bucket lias been raised the jib is 
swung on one Bide, so that the contents of the bucket may lie discharged into lighters or any other 
receptacle for tho dredged material. Tho swing of the jib is regulated by a bar, which catches on 
one or the other of a set of stops arranged at the head of the dredger, as shown in Fig. 2573. 

The engravings, Figs. 2576 to 2581, illustrate a system of transporting earth from dredgers by 
the employment of a stream of water, produced by means of a centrifugal pump, which has been in 
successful action for upwards of twelve months at the works of the Grand Canal at Amsterdam, in 
conjunction with ordinary dredgers. The inventor of this machine we do not know. It is carefully 
kept out of view, as in similar numerous cases, who invented this machine ; this trick is common 
in many places, where the unfair sentence, “ It is ho who carries out an invention who deserves 
praise, not the original inventor,” passes current. 

Figs. 2576 to 2579 represent different views of one arrangement of the pumping machinery and 
pipes, whilst Figs. 2580, 2581, show the ap|iamtus os actually applied to the dredgers above 
mentioned. Fig. 2576 is a vertical section, and Fig. 2577 a plan of the machinery, a a being a 
cylinder fixed to tho side of tho dredgor so as to receive the earth or material it is desired to 
convey, and b being the pump-case fixed at its lower end. This pump-case should be just below 
the level of the water from which tho pump takes its supply through tho water-supply passage c, 
which is adapted to an opening in tho bottom of the pump-case, and is fitted with a valve rf. This 
valve can be opened and closed by the lever «/*, and handle d* ; c is a bridge-piece fixed to the 
pump-casing ami pasaiug through the jwuwage c, to carry the step or lower bearing of the pump- 
axis /, which has also an upper bearing at the top of the cylinder a; and ;jg are bevelled wheels 
by means of which the axis / is driven. The pump-blades f l are fixed on tho axis /; and a 1 is an 
opening in the cylinder <i, by which the earth or material is supplied to it by the dredger. This 
opening should bo 6 ft. or more abovo the bottom of the cylinder. A conical valve or cover A jis 
provided to regulate the passage of the earth or material from the cylinder through the opening in 
the top of the pump-case; and this valve has two rods A 1 A 1 fixed to it, and which pass through 
guides i i to a forked lever A to which they ore jointed. The lever k extends out through the side 
of the cylinder, and is jointed to a rod /, which at its lower end is forked and holds a screw-nut m. 
This nut works on a screw, the stem of which is carried in a bearing, and lias the levelled pinion 
n upon it gearing with another similar pinion on the axis of the hand-wheel n 1 , so that by turning 
this wheel the valve A can be raised and lowered ; tho valve is guided by the fixed guide-rods A*. 
There is a tangental opening in the pump-case A, which receives a casting o, to which the pipes for 
conveying away tho water and material are connected. 

A plan of the arrangement of pipes is shown on a smaller scale by Fig. 2578. In this figure p 
is a wooden pipe made with staves like a cask, and bound together by hoops; it is connected with 
the casting o by a leather connecting tube q, which is dipped on to the casting and on to the pipe 
by metal hoops drawn together by screws. At the other end of the pipe p, another leather tube r 
of some length is placed, this tube forming a flexible joint, connecting it with tho wooden pipe t. 
The tube r is kept in form by a coil of thin fiat iron riveted to the leather. By similar flexible 
joint tubes the pipe s is connected with the succeeding pipes of the series, t, u, and r p e, which 
series is continued to the shore where the material is to l>e deposited. Each of the pipes of this 
series is formed with floating pieces at its sides, as shown in section. Fig. 2579, to sustain it in the 
water. Tho tliree tubca, r, t , and «, are combined together to make them more readily manageable 
in such a manner that although the ends of the coupled pipe can be moved to and from each other, 
movement is restrained by booms tr tc 1 tr*. The centre and larger boom w l is pin-jointed at the 
centre to a float or saddle-piece at the centre of the pipe t, and the outer ends of thiB boom are pin- 
jointed to the booms it and tr*, the centre pins of the joints being fixed upon the floats x x. The 
other ends of the booms « and tr* are jointed at tho junction of the pipes ps and w r respectively. 
It will be scon that at each of these; junctions, and wherever the flexible leather joint tubes are left 
free to bend, the strain is taken off the flexible tubes by means of planks y y fixed on each pipe- 
float over tho pipe, and pin-jointed together at their ends. When the jtfwition of the apparatus is 
such that the? material does not require to be conveyed over water, there may be substituted for 
this flexible system of floating pipes any ordinary arrangement of tubing. 

Figs. 2580,2581, represent the apparatus ns used in Holland. In this case it will lie seen that a 
pump is bolted to the side of the dredger, and driven at the rate of 230 revolutions a minute by 
the same engine, by means of the bevel-gearing shown on the top. The pump, which is 3 ft. 6 in. 
in diameter, is fixed witli the top on a level with the surface of the water, and is furnished with 
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two inlets protects 1 by 
valves, the one on the 
bottom for the admission 
of water, anil the other on 
tho top for regulating the 
entry of the material to 
bo transported. On tho 
top of tho pump ia placed 
a cylinder or reservoir, to 
receive, by means of a 
shoot, tho stuff dredged 
up. 

The dredger is con- 
nected with the shore by 
means of wooden pipes, 
fitted with buoying 

S ieces to enablo them to 
oat, and connected by 
leather joints, those im- 
mediately following tho 
dredger being arranged 
on the Inzy- tongs prin- 
ciple, to admit of its freo 
movement in any direc- 
tion. The leathern joint 
pipes for this portion arc 
about 4 ft. 8 in. long, 
strengthened and com- 
pelled to assume a regu- 
lar curve by iron spirals 
riveted to their outsides ; 
but the joints for the in- 
termediate pipes are only 
about 18 in. long, just 
enough to allow of a firm 
connection being made 
by iron hoops tightened 
by screws. The diameter 
of the pipes is 15 in. 

The action is as fol- 
lows ; — By tho revolution 
of the flyer A a rapid r, 
stream of water is main- £ 
tainecl through the pipes, 
into which tho dredged 
stuff is admitted through 
the pump by the opening 
on tho top, and is thus 
rapidly mixed and car- 
ried to the delivery at tho 
opposite end of tho pipes, 
where tho heavier mate- 
rials deposit themselves 
in nearly level beds. An 
arrangement might also 
he made by causing tho 
pipes to discharge into 
an enclosed area and 
running tho water from 
tho top, by which means 
any required thickness 
could be deposited. 

DRILL. Fa., Foret; 
Gkb., Bohrer; Ital., Tru- 
pano ; SPAN., Taladro. 

A drill is, strictly 
speaking, a boring tool 
that cuts with its be- 
velled end by revolving. 

Seo Auger. Boring 
and Blasting. Hand- 
Tools. Machine Tools. 

The Diamond Bock - 
Borina Machine. — ThiB 
machine. Figs. 2582, 
2583, consists of tho fol- 
lowing parts, namely ; — 
The driving engine 
or motor, A ; the horizon- 
tal girder or transom, B ; 
the two vertical stan- 
dards, C, C ; and the six 
drills, D, D, D, D, D, D, 
three on each standard. 
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The machino of which we speak was constructed by Appleby, Bros. 

The motor is an engine of the ordinary description, which is worked by compressed air supplied 
through tubing ; but, direct-acting water-pressure engines might equally well be used if found 
convenient. 

The power is transmitted from the motor to tho horizontal shaft by tho oblique shaft E, which 
is driven by bevel-gearing from tho crank-shaft of motor at one end. and drives tho transom-shaft 
at the other end. This oblique shaft is provided with universal couplings F, F, which allow for 
any inequalities in the bottom of the tunnel or heading. The horizontal transom-shaft drives two 
vertical shafts, one in each standard, by bevel-gearing, and these vertical shafts in their turn drivo 
the drills or borers through short horizontal shafts in tho movablo saddles to which the drills arc 
fixed. 

The drill consists of a strong cast-iron frame provided with suitablo bearings, and iu these 
bearings revolve the driving spindle on one centre, and the drill-bar on the other. On the driving 
spindle of drill are two small spur-wheels which aro thrown in and out of gear by dutches ; these 
spur-wheels gear into two corresponding wheels on the drill-bar, one of which drives the bar ami 
the other the nuf which gives, by means of a differential speed, tho necessary feed or forward motion 
to tho bar. This feed is set to advance at a certain find rate for a given pressure on the drill, 
when, owing to any irregularity in the hardness of the rock this pressure is augmented, tho food is 
automatically, either partially or entirely, thrown out of gror, the full speed being resumed as soon 
tut softer rock is touched. The pressure can be regulated from 1 lb. up Pi 1000 lbs., which is the 
pressure required for cutting pure quartz. Each drill can be thrown out of gear inde()endently of 
the other ones. 

The crown which actually cuts the rock, consists of a hollow cylinder of steel, in the front end 
of which the carbonates, errotmmely called black diamonds, are act in such a manner that they project 
l*>th ou the inside and outside of the crown, so that as it cuts its way into the nick it leaves good 
clearance for the drill-bar, which is also mode hollow and of such a diameter internally that the 
coro or solid cylinder of rock which is left by the crown cau pass freely along the entire length of 
the bar. 

A supply of water under slight pressure is kept constantly flowing along tho inside of the drill* 
liar, and thence to tho carlionates, where it serves the double purpose of keeping them tx*>l and 
washing away the fine particles of rock produced by the cut. 

Eight carbonates aro set in each crown, four on the inside and four on the ontside, and tho 
wear of these carbonates is found in practice to be insignificant compared with the amount of work 
they do. At Croeaor in Wales, where the machine is at work, crowns have cut upwards of a \ mile 
of hole, in hard bustard slate, and after this the stones have retained much of their original value. 

Tho machine illustrated by Figs. 2582, 2583, is designed to bore holes in. diameter x 3ft. long. 

The method of uorking is as follows ; — The machine having been brought into position near face 
of rock, and there firmly fixed by means of jack-screws at top of standards, the miners proceed to 
drill, the holes in the rock, as shown in Fig. 2582, after which tho machiue is run lack as fur us 
necessary on the tramway, and tho holes are charged with gun-cotton or other explosive material 
anti then fired. The centre |>art of the rock in the Bhapo of a V « Arst brought away, and then 
the two sides by means of holes drilled straight in and near tho extreme sides of tunnel. Tho 
holes Ixired are found to be perfectly cylindrical for their entiro leugth, which is a very great 
advantage for blasting, as the cartridge containing the explosive material cau lie made the exact 
size of the hole, and the maximum result is thus obtained from the force of tho explosion. 

DRUM. Fr., Tambour; Gkr., Trommel; Ital., Tivnburo ; 8 1 ’ AS., Tambor. 

A drum is a short cylinder revolving on an axis, generally for tho purpose of turning several 
small wheels, by means of straps passing around its periphery ; rolled also pulley, and rigger, when 
very short iu tho direction of tno axis, so as to have the form of a disc. 

DRY-ROT. Fb., Tourriture tec he ; Ger., Stockung ; TrockcnfdxUe ; Ital., Tarlo seeco; Span., 
Car coma. 

Hoe Kyantzino. 

DUCT-WHEELS. Fa^ Roues a couloirs ; Ger., FUtrirrSder, 

Bee Turbine Water- wheels. 

DUSTER. Fa, Machine a nettoyer les chiffons ; Ger., Lumpcnreinigungs Maschinc ; Ital., 
Macchina <ii batter stracci ; Span., Mdquina para limpiar trapo. 

See Paper Machinery. 

DYKE. Fb., Digue ; Ger., Damm ; Deich; Ital., Riga, Argine ; Stan., MaJecon. 

A mound thrown up to prevent low lands from being inundated by the sea or a river is called u 
dike, or dyke. Bee Damming. 

DYNAMITE. Fr., Dynamite ; Ger., Dynamite ; Ital., ZHnamite ; Span., Dinamita. 

Bee Boring and Blasting, p. 582. 

DYNAMOMETER. Fb., Dynamometre ; Ger., Kraftmcster ; Ital., Dinamometro ; SPAN., 
Dinanufmetro. 

The dynamometer, from the Greek “ dywtms” force, and “ metro*," measure, is an instrument 
for measuring forces, and, by extension, tho work which they produce. 

There are various kinds of dynamometers, but all rest upon the same principle. The chief part 
consist of a spring, tho flexion of which may be measured ; every force which, when Applied to tho 
instrument, produces the same flexion as a weight of a kilogrammes is said to be a force of n kilo- 
grammes. Upon this principle the instrument is graduated. 

The simplest form of tho dynamometer is the common weighing instrument represented in 
Fig. 2584. It consists of a spring A O B with two arms. At one end of the arm BO a metal 
circular arc is fixed, passing through tho arm U A, and provided at its extremity with the riug E, 
to which a weight may be suspended, or any other force ; a muscular effort, for instance, may be 
applied. At the end of the arm O A a second circular arc is fixed, capable of sibling over the first 
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and passing through the arm OB; this arc terminates at D in a ring which serves to hold the 
instrument by or to suspend it to a fixed point. This second arc is also graduated from the extre- 
mity D down to the point t where there is a kind of notch or projection, the use of whioh is to 
prevent a fracture of the spring when too great a force is applied, Suppose now the instrument 
suspended by the ring D to a fixed point, and a weight of 1 kilogramme attached to the ring E; 
the two arms of the spring will approach each other, 
the arc D t will pass beyond the arm O B bv a oertain 
quantity, and on this arc the point may be marked > i A 4 !. |d 
at which the arm OB stops. This operation con- \ d Mlnm 
tinned with weights of 2, 3, and so on, kilogrammes, \ 

will finally complete the graduation of the instrument. 2 SW 

To obtain fractions of a kilogramme, divide each % L 

interval into ten equal parts : this will give an ap- / A 

proximatinn sufficiently near for ordinary purposes. I J jl 

If, again, having removed the weight, we apply a / fa ft cj|$ 

forco at K and the arm O B stops at the same point wr/ f 

in the arc D t ns when a weight of n kilogrammes 
was suspended from tho ring E, we conclude that 
the force in question is equivalent to n kilogrammes. a <a$c 

Thus, to measure a forco in kilogrammes, we have cu 

only to apply it at E, and tho number marked by tho 

descending ami of the spring will he the value of all dP 

the force. t Jjj ( o 

There are other kinds of weighing instruments in \ I 
which tho spring is spiral, os in Fig. 2595. This IU I 

spring is contained in a cylindrical metal "box, to the «stE? 

upper part of which it in fixed in the point d ; its 

lower end being connected with a disc A to whioh is ik? 

attached a rod that passes through the Hpring along Jjr 

its axis and out through an orifice in the top of the Y? 

box. The end of this rod is provided with a ring B /)- R_A 

by which it may be held or suspended on a fixed 




compressed in a vertical direction and the rod issnes I L I 
from the box. Tho quantity of the rod outside the L-- Li , 
l»ox is tho measure of the force. Tho modo of gradu- * ^ » 
ating this instrument is tho same as in the former 

case. 25 S*. 

Tho instruments wc have described are suffi- 
ciently exact for tho purpose of trade to which they 
are applied. But to measurp accurately forces 
greater than 100 kilogrammes, a more precise appa- 
ratus is used. Tliis apparatus, which is known os 
He-jnier'n dynamometer, consists essentially of a spring 
A B, Fig. 2586, of two arms or branches joined at 
the ends. Tho middle C of one of the arms is fixed, 
and the force to be measured is applied to the middle 
D of the other arm, in the plane of the spring, and 
according to tho line which would join the points C 
and D. The quantity by which the two arms recede 
from each other is indicated by the index O x, tho ^ , 
point of which moves in a circular arc. The gradu- 
ation of this arc is effected by placing the instrument 

iu a vertical position, and thgn applying weights to o 

the point D. It will be seen that the instrument 

has two graduated scales; one refers to the case wo have supposed when the point C is fixed by 
means of a hand-screw placed in this point and the force is applied to the point I); the other refers 
to the case when the point A is fixed and the force applied to the point B. In this latter case the 
force is measured by the receding of tho points A and B, which implies tho approach of the points 
C ami D ; and this approach is marked by a second point y of tho index, which moves in a second 
circular arc concentric with the first. When the points C Bnd D approueh each other, a rod fixed 
to the point D turns a crooked lever to which it is jointed in »; and tho long arin of this lever 
moves the index in the direction of the lower arrow ; but when the points C and D recede from 
each other, the lever turns in the opposite direction, and the index resting by its weight against tho 
lever, moves in the direction of tho upper arrow. The second mode of employing the instrument, 
by fixing the point A and applying the forco at B, servos to measure considerable forces, the mus- 
cular force of a horse, for example. 

Fencelet is the inventor of a much more simple dynamometer, which was made use of by Morin 
in his researches in connection with the subject of Friction. It consists, as shown in Fig. 2587, of 
two equal and parallel strips of steel A B, A' B\ jointed at their extremities. The middle I of ono 
of these is fixed and the force applied to a hook C placed for this purpose on tho other. The forco 
is measured hv the quantity by which the middles recede from each other, this quantity being 
indicated by ike strips themselves on a divided rule fixed upon one of them. Tho advantage of 
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this arrangement consists in the fact that, if the force does not exceed a certain limit, the variation 
of the distance between the two middles, that in, the excess of the distance observed over the 
primitive distance corresponding to tho natural state, is proportional to the force that causes it ; so 
that knowing this excess for a determinate force, by 

measuring the distance corresponding to a given force 25H?. 

we may deduce the measure of it by a simple propor- 
tion. If the forces to be measured ore great, tho 
parabolic form may lie given to the springs, as shown 
in Fig. 2588. Tho flexions obtained ore, in this case, 
the doublo of those which would be obtained with 
springs offering the same resistance, bnt having a 
uniform thickness, a fact which increases tho precision 
of the instrument. It was fouud from experiments 
mode by Morin that the flexions remain proportional 
to the forces exerted so long as these flexions do not 
exceed Aj of the length of the springs, reckoned from 
the joints. 

Dynamometers are employed also to measure the 
work done by these forces ; they are then called stylo 
or tell-tale dynamometers, according to the principle 
of their construction, and they are arranged in two 
different ways, according as the motion to which 
they aro applied is one of translation or of rotation, 
such, for example, as the motion of a carriage or of 
the driving axle of an engine. We will first consider 
a motion of translation, in which case the instrument 
is called a tniction dynamometer. 

Two enual springs A A', B B', Fig. 2589, of about 
0 W ’68 in length, level on their inner surface, and 
parabolio on their outer surface, are jointed together 
at their ends and held in the middle by two 
catches. The catch of tho spring A A' is fixed 
to the vehicle on which the experiment is to be 
made, and the other on B B' is provided with 
a ring a a' to which the motive power is ap- 
plied. The part in tho figure marked 66' is 
intended to prevent injury to the springs from 
overstraining; it is connected with a similar 
piece on the other side of the springs by the 
oolts ee‘ t against which the front spring 
strikes. 

To the front catch is fixed a pencil, and 
below tho pencil a roll of paper is arranged 
which moves with a motion proportional to that of tho vehicle, bnt in a perpendicular direction. To 
obtain this motion, an endless band- U passed over the nave of one of the front wheels, und the hand 
made to turn a small pnllcy-wheeJ, to the axle of which an endless screw is attached ; by this means 
the little cylinder c is made to revolve. A cord passing round this cylinder transmits the motion 
to a conical drum /. upon the axle of which the cylinder g is fixed ; this cylinder receives the paper, 
which is first rolled round the cylinder h. The paper is held iu contact with the pencil by the two 
intermediate cylinders i and i'. A crank handle m serves to roll the paper upon the cylinder A. 
The use of the conical drum / will be obvious. If the motion of tho vehicle were transmitted 
directly from the little cylinder c to the receiving cylinder <f, ns tho paper which is rolled on it 
gradually increases its diameter, the motion of the vehicle remaining uniform, that of tho paper 
would bo accelerated. This inconvenience is avoided by interposing the drum /, whose diameters 
are »o calculated that its rotary motion is retarded as tho paper is rolled upon g, and consequently 
the motion of the paper remains uniform. 

A second pencil, fixed to one of tho guard-pieces 66', traces upon the paper a straight line, 
which serves ns a term of comparison in computing the distance of the springs apart, marked by 
tho curve which the pencil a Mixed to the front catch traces. Tho fixed pencil is arranged so that 
the straight line traced by it may correspond with the natural state of the springs, that is, to no 
effort on tho port of the motor. It follows from this that the ordinates of the curve, reckoned from 
this straight liue, are proportional to the forces exerted; besides this, the ahscissm parallel to this 
straight line, or the tracks described by the Defter, are proportional to the roads passed over by the 
vehicle ; consequently, the work effected by the motor is proportional to the nrca of the curve traced 
by the moving pencil, and comprised between this curvo ond the right line traced by the fixed 
pencil. 

This area may he computed by the ordinary methods of quadrature, or bv means of a planimetcr. 
But Morin has pointed out a much simpler method. The paper used for this purpose is machine 
made, and of great homogeneity; we may, therefore, admit that its weight is proportional to its 
superficial extent. Hence, if we cut the paper along the curve and the straight line, and weigh 
tho baud thus obtained, knowing the weight of a superficies of the same paper, the whole rectan- 
gular hand, for instance, whose dimensions aro known, wc may deduce the area by a simple pro- 
portion. 

We know to what force a given distance between the springs, or any ordinate of the curve, cor- 
responds. We know also, from the transmission of the motion, the distance or track described by 
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the paper which tho vehicle is advaneing by a given quantity, 1 mfetre, for example ; wo. therefore, 
easily deduce from the ur«?a found the number of kilogranunetrcs representing the work effected. 
Let A bo the distance between tho springy produced by n force of 1 kilogramme, and y the distance 

produced by a force F ; wo shall have F : l k = y : A, whence F = in kilogrammes. 

Let « l>o the track described by tho band of paper for 1 metre of distance traversed by the 
vehicle, and x the track described by the paper for a distance of e mbtrea ; we shall have 

x : « = e : l m , whence e = andde = — • 

Now the work T, effected by tho force F, is expressed by 
T=fTd', orT =/-■ — = 

but the area of A of tho curvo traced by the moving pencil is expressed by A = J y dx between the 

same limits. Wo get, therefore, T = , and this value will be expressed in kilogmmroiitrea. 

Suppose, for example, that the area found is 0*75 square metres. Let A — O' 0001 25, and « = 
0*75 

0--018; we conclude T = oTpool gg x ' 0 : 01 8 = 333333 MlqgiwnmHiw. 

With bands of paper 16 or 18 metros in length, the experiment may be continued over a distance 
of more titan a kilometre. 

When it is required to continue the ex|teriment over a greater length of road, this kind of 
dynamometer is not sufficient, and the tell-tale dynamometer is substituted for it. On the hinder 
catch is fixed a vertical rotating axis having on its lower end a pulley-wheel which receives the 
motion of one of the front wheels by menus of an endless cord. On the same axis is fixed a hori- 
zontal solid wheel which revolves with the pulley-wheel. To the front catch is affixed a horizontal 
rotating axis, bearing at its extremity a small wheel, the circumference of which is in contact w ith 
the horizontal solid wheel, and which, consequently, receives the motion of the latter— a motion 
which becomes more rapid as tho small wheel recedes from the centre of tho other, and which, there- 
fore, is proportional to the force tliat separates the springs, since the small wheel coincides with the 
centre when at rest. Tho number of revolutions made by tho small wheel in a given short time is, 
therefore, proportional, ou the one hand, to tho rotary speed of tho solid wheel, and consequently 
to the elementary track or distance described by the vonicle, and, on tho other hand, to the force 
exerUd upon tho dynamometer. It is thus proportional to the product of these two magnitude's, 
that is, to the elementary work effected by the force. Tho total number of revolutions made by 
the small wheel during tho experiment represents, therefore, tho sum of the elemeutnry work of 
the force, tliat is, the total work of this force. To facilitate the counting of the number of revolu- 
tions, an endless screw is arranged ou the axle of the small wheel, which screw transmits its motion 
to iudices moving on divided limbs, and marking upon one the revolutions and tons of revolutions, 
and on the other the hundreds and thousands. 

In making oxjtcriinenta in towing vessels, when the band of paper cannot bo put in motiou by 
the vehicle itself, on arrangement of clockwork is employed, which 
gives it a sensibly uniform motion. zs»a 

The rune trao*d by the pencil docs not in this case give tho 
work of the force, but its impute, or/F dt; ami, by dividing it by 
the total duration of tho experiment, wo obtain the mean value of 
the forco exerted. 

If it 1)0 required, in this cose, to compute the work, it may be 
accomplished by placing marks along the shore, and making a 
stroke on tho paper every time the vessel passes one of these marks. 

The strokes thus made divide the curve into portions, the mean 
value of the force of each of which may be computed. Multiplying 
this by tho distance between the two corresponding marks, we 
obtain an approximative value of the work which applies to the 
interval between these marks. The same process is continued for 
the other intervals, and the sum of the work so found is the total 
amount of work ; but this method gives only a rough approxima- 
tion. 

Let us now suppose tho case of determining tho value of work 
in a rotary motion, in which case the dynamometer is called a rota- 
tion dynamometer. The motion is transmitted by means of a belt 
to an auxiliary axle A A', upon which is fixed by slight friction n 
wheel B of about O'" *89 in diameter, Fig. 2590, intended to trans- 
mit, by means of a second belt, the motion of the auxiliary axle to 
the other parts of the machine, and to overcome the resistances to 
which it is subject. The axle A A' cannot carry round tho wheel 13, 
because it is not solid with it; but a spring, the end a of which 
is shown in the figure, is fixed into this axle in the direction of a radius; and in the motion 
of A A' its end comes in contact with a piece I.) I)', fixed to the wheel, ami carries tho latter round 
after having undergone a flexion proportional to the force to be transmitted. 

Upon the axle A A' is fixeil n framework, one side, EE', of which is shown in the figure*; this 
framework, which moves w ith the axle, carries a system of cylinders analogous to that we described 
when speaking of the translation dynamometer, and which puts in motion a strip of pa}*cr pressed 
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upon by a pencil p fixed to the wheel. The paper receives a motion proportional to that of the 
axle in the following manner. This axle is embraced by a collar F F', which may bo made, fixed 
in space; this collar forms a conical wheel which gears into a conical pinion portly shown in the 
figure; the axis of this {union is adapted to the axle A A', and is provided with an endless screw 
which gears into a cylindrical pinion fixed upon the axle of the little cylinder a. Upon this cylin- 
der is wound the thread which turns the conical drum 6; upon the axle of this drum is fixed a 
cylinder around which is wound the band of paper, unwound from the cylinder c by passing over 
the cylinder d. It will bo seen that the conical pinion being carried round with the axle A A', and 
the collar F F' being fixed in space, the pinion is forced to assume a rotary motion about its own 
axis, and it communicates this motion to the band of paper. If the pencil p were solid with the 
axle A A', it would trace upon this band a straight lino, which, according to the arrangement 
adopted, would be the middle of the rectangle it f*»ruis ; but os the pencil is fixed to tho wheel, 
and consequently follows the flexion of the spring, it traces a curve, the ordinates of which, with 
reference to this middle line, represent the flexions of tho spring, that is, the forces transmitted ; 
whilst the abscissa*, reckoned according to this same middle line, that is, the distances run through 
by tho band of paper, represent the distances described by the poiut of application of this force. 
The work effected is, therefore, again represented by the area of tho curve traced upon the {aper. 

It must he remarked that the axis of the conical pinion is in a plane perpendicular to that of 
the axle A A’, but that theses two axes never meet. 

We have hero an example of helicoid gearing, which might be replaced by a hyperboloid 
gearing. 

The spring is balanced by a counterpoise on the opposite side of the axle. And to avoid tho 
risk of breaking the spring the displacing of the wheel is limited. 

As in the case of the traction dynamometer, the tell-tale wheel may bo substituted for the band 
of paper and the style. The solid wheel, perpendicular to the axle A A', is put in motion by a 
toothed wheel turned by the endless screw upon tho axle of the conical pinion. The little tell-tale 
wheel is affixed to the wheel 13. When at rest, the little wheel occupies the centre of the solid 
wheel ; but when in motion, it recodes from it by quantities proportional to the flexions of the 
soring ; so that the number of revolutions that it makes in a given time is agnin pnqiortioiial to 
the product of the force exerted by the distance run through, that is, to the work effected. With 
this apparatus, the experiment may be continued for u day, a week, or even a mouth, if the various 
parts are properly proportioned. 

The principle of the instruments we have deserilxxl is due to M. Poncelet. Tho Bentall and 
Saurines dynamometer are founded on the same principle. 

The former of these instruments is uses! to compute the work of ploughs. Its chief part is a 
spiral spring carried upon wheels and fixed by one end to the plough and by the other to the swing- 
bar to which the power is applied. The fore end of tho spring is connected with the horizontal 
axle of a small wheel which rests upon a horizontal solid wheel ; the latter receives a rotary motion 
about a vertical axis, which is projKirtioual to that of the vehicle ; and tho small wheel recedes 
from tho centre by a quantity pro|x>rtional to tho flexion of tho spring. Whence it follows, tlml 
the number of revolutions maite in a given time is proportional at once to the force exerted and 
to the distance traversed, and consequently to the work done by the motor. Unfortunately this 
instrument is liable to be thrown oat of order by the inequalities of the soil, and it doc* not always 
give exact results. 

The dynamometer introduced into the French navy by M. Saurines serves to compute the work 
consumed by the helicoid screw- propellers. In screw vessels, the axle of the cranks of the steam- 
engines runs info the axle of the screw, to which it is fixed. Sanrines 1 dynamometer is placed at 
the point of interruption of those two axles. To the end of the crank-axle are fixed two equal arms 
diametrically opposed ; and to the corresponding end of tho screw-axle are fixed two similar arms, 
bat placed at nght angles with the first two. The ends of the latter are connected with the ends 
of the other two by flat springs, thinner at the middle than at the ends, ami presenting a natural 
curve which has a tendency to diminish under tho influence of a longitudinal tractive force. It 
will be seen thut tho crank-axle cannot turn the screw-axle except through the medium of these 
springs which yield by a quantity proportional to the force exerted. It is, however, not this deform- 
ation that is measured directly. The middles of tho opposite springs are connected by steel bars; 
when the springs by yielding tend to become straight, their middles approach tho axis of rotation, 
and force the steel bars to bend. It is this flexion that is used to compute the work transmitted. 
For this purjxwo, a piece of paper is placed on a fixed cylinder having the same axis as the revolving 
axles ; and perpendicularly to tho surface of this cylinder ore placed two pencils, carried round by 
the general rotary motion. The first, which is fixed with respect to the axle of the cranks, traces 
on the paper the line zero , the one corresponding to no force transmitted. The second, fixed to the 
steel bars, which tend to move it in the direction of, and along the length of the axle, but held at 
tho same time by a spring, traces ujjon the cylinder a curve which deviates from the lino zero by 
quantities proportional to the force transmitted. The area comprised between this curve ami the 
line zero is, therefore, proportional to the work effected. This arrangement, inveuted by M. Saurines, 
enables us to compute easily the large amount of work transmitted to the screw of powerful vessels, 
often amounting to more than 2000 horse-power. To obtain correct results, however, the engines 
must not exert too variable a force. 

Bourdon has lately invented a rotation dynamometer that is quite now in its arrangement. It 
consists of two cogged wheels of helicoidal glaring, equal and with parallel axes, which tooth into 
each other. One of them receives the motion of the motor by means of a belt ; the other transmits 
in like manner to the operator tho motion which it has received from the first. But its axis may 
be displaced in tho longitudinal direction, by rcstiug at one of its ends, against a spring. The 
pressure which this second wheel receives from the first has a component parallel to the axis which 
is proportional to it; this component produces o slight displacement of the axis which causes the 
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spring to yield by a certain quantity. This flexion is transmitted to an index which moves on a 
divided circular arc. By means of this arrangement very considerable forces may be measured by 
employing only thin and very flexible springs. Knowing besides the distance described by tho 
point of Application of the motive force, we are in possession of all the elements necessary to com- 
pute tho work transmitted. 

It remains for us to say a few words of tho instrument known as the American dynamometer , 
invented by White, which is founded on a principle quite different from those of tho preceding. 
This dynamometer, which serves to measure the work on engines, nft'ers an application of the 
Homan balance. It is represented in Figs. 2591, 2592. Upon a horizontal axis a 6 are mounted; 

1, a pulley A which receives the motion 
from the motor, by means of a belt; 

2, a loose pulley A, oqual to tho first, 
upon which tho belt is passed when it 
is required to stop the apparatus ; 3, a 
pulley B which transmits the motion 
and is designed to overcome the resist- 
ances; 4, a loose pulley equal to B, B'; 

5, two bevelled gear-wheels C and D, 
both of which tooth into two other 
similar wheels equal to each other B 
and F. The axis of each of these is 
connected with the beam of a kind of 
Homan balance O M N, held in cqui- 
librio bv a counterpoise Q. On the long 
arm M N of this bsam slides a running 
weight P, and this arm is divided into 
equal parts. 

tSupjinw that tho motion of tho 
driving pulley A takes place in the 
direction of the first arrow. If tho l**It 
be thrown off on the side of the resist- 
ance, the beam has a tendency to be 
drawn in the direction of the second 
arrow, and tho dynamic equilibrium 
can lie res t ored only by hooking tho P 
to the ring and by giving it a proper position on the beam, whence we easily deduce the momentum 
of the force P, equal to that of the resistance, and consequently the resistance itself; since it acts 
tangentially to the pulley B, the radius of which is known. A tell-tale put in motion by the 
revolving axle by means of an endless screw gives tho number of revolutions and fraction of a 
revolution which tho axle makes in a given time. Thus we have the two elements of the work to 
bo measured, and consequently this work itself. 

To prevent the oscillations of the beam during the experiment, or at least to reduce the magni- 
tude of them, its extremity is attached to a piston which moves within a cylindor, the air in the 
cylinder being compressed by the motion of the piston. See Acceleration. Angular Motion, or 
Velocity. Balance. Belts. Brake. 

DYNAMOMETER CAK. Fit., Wagm Dy namo m itr* ; Ger,, dynamometer- Wage a; Ital., 
/hnamometro di t rax tone ; Sl’AN., Wagon dinamomtftrico. 

This ingenious and useful machine, shown in Figs. 2593 to 2597, was employed by MM. 
Vnillemin, (iuebhard, and Dieudonm?, in making their useful and extensive experiments on the 
resistance of rnilwnv trains, and on tho power of locomotive engines. The results obtained by this 
accurate and complete machine, with respect to the different elements involved in the motion 
of carriages and engines on railways, on account of their practical ini|x)rtanee, we give at full 
length. 

To determine tho resistance of a single carriage or of an engine to traction, wo hare had 
recourse to two methods. 

First Method, — This consisted in driving the engine or the carriage at a certain velocity, and 
then suddenly leaving it to itself till it stopped. The distance was then measured from the point 
at which the retardation of tho motion began to the point where it became nul. 

Let m bo the mass of the vehicle ; 

r # its initial velocity (in mfctres a second); 
s the spooc traversed (in metres) ; 

x the mean resistance during the traversing of this space (in kilogrammes). 

If the line is level, wc shall have the following equation ; — 




The mean value of the resistance x may be determined. 

The equation [«] must be completed by a term taking into account the rotatory force of tho 
wheels. This force tends to impel tho vehicle forwards. Wo shall give later the details of 
the calculation relative to this correction, and it will be seen that, for a carriage, a term 25 c, B 
must be added to the first member of the equation. Wc si in 11 then have 

(j« + 25^r,« = *K». [81 
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This method mav b© employed to determine tho resistance for a given velocity, or the tractive 
power which mast bo exerted Upon tho vehicle hi maintain this velocity. Suppose that, during 
the time of retardation, a certain number of points have been marked for tho time and the space. 
We may then construct the curve of tho spaces traversed as a function of the time, * = / (f). If 




thus trace the curve, r = f (<). Proceeding in the same manner with this second curve, we deduce 
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the curve of the accelerations, j = f* (t). Multiplying the acceleration j at a determinate instant 
by the mass in, we obtain the force applied, F = mf (f). Thus, having constructed the curve of 
the accelerations, we have only to multiply the ordinates by a constant m, to find the retarding 
force at the different instants. 




Second Method . — This consisted in making experiments with a dynamometer. The nppomtus 
is placed in a covered carriage which is attached immediately to the tender. The coupling rod is 
connected with the movable portiou a of the dynamometrical spring ; the fixed portion 6 of this 
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spring is firmly attached to the framework of the carriage. In this way, the tractive force is made 
to pass through the spring before it acta upon the carriage. 

The movable portion a carries a vertical pencil c, which moves forwards or backwards in a 
vertical plane, according as the spring bends more or loss. Beneath the pencil, a strip of paper 




moves in a horizontal piano around a roller d , which is kept in motion by a piece of clockwork 
in the box /. 

Tho distances are marked by hand, by means of the pencil g. They arc also noted by means 
of a tell-tale in the box I. The chief wheel of this tell-talo is tamed by a click, which is acted 
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upon by an eccentric placed on the axle of the carriage. The hand, or needle, makes one revolu- 
tion a kiloml'tro : the divisions of the dial arc of 10 metre*. 

If this instrument should got out of order in rounding curves or while the train is being 
shunted at stations, it is easily rearranged by means of the kilometre-posts on the line. 

The pencil A serves to show the time, but it is necessary to mark the time by hand as well, 
because the strip of paper docs not unroll itself at a uniform rate on account of the jolting which 
derange* the clockwork. The unrolling of a strip occupies about an hour; it may be replaced 
by another strip in five minutes. 



2496. 




Section through CDEFGHJK. 



A vane placed on the top of the carriage turns inside an indicator upon a divided circle. We 
arc thus enabled to ascertain, when stationary, the angle which the wind makes with the axis 
of the carriage. By the side of the wind indicator is a compass, which gives the angle of the 
magnetic meridian with the axis of the carriage : we thus find tho direction of the wind. 

Tho temperature is shown by a thermometer. 

Fig. 25d7 gives the details of the dynamometrical spring. It is composed of fourteen pieces of 
l m, 04 in length; tho ends of two adjacent pieces are connected by two bolts and two small 
washers. The spring is easily put together or taken to pieces ; according as the tractive strain is 
to be more or leas great, tho whole or a part only may Ik; made to act. 

The deflections of the spring were carefully measured and noted with respect to the force 
exerted upon it, l»efore it was used in the dynamometer carriage. 

There is a scale for each coupling, namely, for two pieces, for four pieces, Ac., and for fourteen 
pieces. The deflections are nearly rigorously proportional to the forces. This large spring, which 
was made by Messrs. Fetin and (Jaudet, is an excellent one ; its flexibility was in no degree altered 
by the experiments made with it ; to teat it, its deflections were tried after it had been in use some 
time, and they were found to correspond exactly with those of the first trials. 

To determine tho resistance of passenger or goods trains, we always had recourse to tho method 
of the dynamometer. 

Itniitancc of a Single Carriage. — First Method . — The experiments connected with this subject 
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were rondo between Epernay and ChMous. This portion of the line, 18 kilometres in length, is 
eminently favourable to trials of thi* kind; the incline is uniform and very gradual (gradient 
= 0® ' 4 ). descending from Kpcrnay to Chalons ; besides this, the lino is straight for a distance 
of 10 kilometres in one place and 3 in another, and tho curves are all short and of a long radios 
(radius = 2 to 3000 metres). 

The mean temperature 
was 25 degrees centigrade. 

Mean Rcsistan'-v of a Car- 
riage driven at different Velo- 
cities . — The covered, four- 
wheeled, dynamometrical 
carriage with which tho ex- 
periments were made was 
tarnished with oil-boxes, and 
weighed 5500 kilogrammes. 



Metre*. 
(Height 2-30 
Dimensions < Breadth 2*60 
| Length 4 * DO 

Diameter of the wheels 
= 1 metre. 

This carriage was at- 
tached immediately to an 
engine, the operator inside 
being provided with a dis- 
tance-counter and a chrono- 
meter. When the speed 
s reached and 




« 35 - 38 ~ 45 . 46 . 

ABSCJS3/C SPEED AN HOUfl 



56 . 60 * 



agreed npon was r 



Curves of Resistances of Passenger Trains. 
Scale of (£-' 5 ‘ k “- 



a kilogramme. 

had become uniform, at a given signal the carriage was detached from the engine, and left to 
itself till it stopped. This experiment was repeated several times with various initial velocities. 

Five experiments of this nature were made, the results of which are given in the following 
Tabic ;— 



Nature of 
the Line. 
Gradient*. 


Initial Velocity 
in metres a 
second. 


instance 

travelled. 


Resistance 
deduced from 
the Formula. 


Resistance 
corrected for 
Gravity. 


Coefficient of 
Resistance a loo. 


mill 


mitres. 


metre*. 


ksu. 


kiln. 


ktU. 


0*4 


5* 00 


385 


19*80 


17-G0 


3*20 


0*4 


6*65 


550 


24*60 


22*40 


4 07 


0*4 


13-90 


1333 


44 20 


42 00 


7*63 


0*4 


13*90 


1408 


41*70 


39*50 


7 18 


0*4 


12*50 


1347 


35*30 


33*10 


6*03 



It was necessary to reduce slightly the total resistance of the carriage, calculated by formula [fi], 
on account of the inclination of the line. This was accomplished by supposing that the resistance was 
increased 0 k *4; this gives for the carriage, 5*5 x 04 — 2 k *2. We shall see later that these figures 
correctly represent the influence of gravity upon the resistance of carriages on a gradient of 0® 4. 

Tho last column of the preceding Table gives tho mean coefficient of resistance for a covered 
carriage, such as the one we have described, rolling upon a straight and level line. Its increase 
with the initial velocity cannot fail to attract attention. Wo cannot give exactly tho speed to which 
the foregoing coefficients correspond ; for the mean speed is not equal to the mean of the extremes, 
that is, to the half of tho initial velocity. It was ohaervod that it was considerably less than this 
half, espociftlly when the initial velocity was great, because tho resistance increases with tho speed. 

To determine tho law of variation of tho coefficients with tho spood, we had recourse to the 
graphic method already described. This method is certainly of difficult application ; errors of 
observation, errors that can hardly be avoided in tho construction of the tangents may be multiplied 
from one curve to another; tho results which wo have obtained are, however, tolerably good. 
This method was applied to the first four experiments noted in tho preceding Table. 

Figs. 2599 to 2602 represent the four series of curves. 

The extreme portions of the curves of acceleration are less accurate than tho mean portions, on 
account of tho graphical construction of the tangents. Grouping the figures given in Figs. 2599 
to 2602, and making the correction for gravity, we obtain the following Table, which gives the law 
of tho resistances on a level line from 0 to 35 kilometres an hour. 



Speed an hour. 


Resistance of 
the Carriage. 


Coefficient of 
Resistance a ton. 


Speed an hour. 


! Resistance of 
j the Carriage. 


Coefficient of Resistance 

a too. 


kilometres. 


kilogrammes. 


kilogrammes. 


kilometres. 


kilogrammes 


kil< ■grammes. 


35 


42 


76 


10 to 15 


19 


3*4 


25 to 30 


35 


6*3 


3 „ 10 


14 


2*5 


20 „ 25 


30 


5 4 


1 „ 5 


11 


2*0 


15 M 20 


24 


4 3 


0 


48 


8*7 (starting) 



Digitized by Google 








DYNAMOMETER CAR. 




1313 





* r 



Digitized by Google 




1314 



DYNAMOMETER CAR. 



Second Method . — The dynamometer carriage being attached to an engine, its own resistance was 
first determined, which is, therefore, alone represented by the curve. It will be interesting to 
compare this result with those given previously. 

Graphic Method applied to a Single Vehicle. 




First Experiment on the Rolling of the Dyna- 
mometer Carriage. Weight 55Q0 k . 

Result x. 



9 k 4 


F = 29 k '20 


/ = o‘-28 


oW. 


F = 2U l -70 


/ = i‘-76 


4 k *7 


F = lH‘-90 


/ = 2‘ • 5,1 


4*1 


F = l;*-50 


/ = 2‘-27 


ok. 7 


F = 2u k ‘70 


/ = 3‘-78 


0“ 


F = 52‘-30 


/ = B‘-50 



2f09. 




« , / $ mill, for 2 metres. Ordinates. 

C \ i mill, for 2 seconds. Abscissa , 

Second Experiment on the Rolling of the Dyna- 
mometer Carriage. Weight 5500 k . 

Re nits. 



For V = 9 k 4 


K = 21 k 00 


/ = 3 k *62 


,, V = 7* 5 


F = l8 k 40 


/ = 3* 33 


„ V = 5* 8 


F = 17 k 00 


/ = 3 k ’07 


„ V = 4 k 5 


F = i:i k *90 


/ = 2k- 70 


„ v = 3 k *8 


F = 13k 60 


/ = 2 k 47 


„ V = 2 k ’9 


F = 14 k ‘fi0 


/ = 2* 65 


V = o k 


F = 46**50 


/ = 8 k 42 



The tractive power requisite for the carriage alone is very small, and must he measured in a 
special manner. Indeed, the smallest error in drawing the line of the absciss®, due cither to the 
play of the paper upon the rollers, or to a faulty arrangement of the pencil, would be a consider- 
able fraction of the quantity to be measured; we were thus led to adopt an artifice. The carriage 
wrb first drawn at n uniform speed, the line <* 6 being marked by the pencil ; the engine was then 
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suddenly detached, and the name pencil marked the liuc erf; the distances l between the two lines 
exactly measures the resistance of the carriage. 






The resistance was then found to be 

25 kilogrammes at the speed of 25 kilomL-trea an hour, say 4 k *54 a ton. m 
50 tt » n ti ' I® n 

These figures are a little less than those found by the first method ; this is owing to the 

tenders having covered a portion of tho front of the carriage. 



Graphic Method applied to a Single Vehicle. 



2804, 




Third Experiment. 



For V 




33* 8 


Results. 

F = 44*16 


/ 




8 k 05 




V 


— 


27 k '8 


K 


ss 


37k 0 


/ 


— 


6**78 


„ 


V 


SS 


23**2 


F 


— 


32**30 


/ 


= 


5k 87 


„ 


V 


as 


18k 0 


F 


= 


26*78 


/ 


s 


4**88 


„ 


V 


ss 


14*0 


F 


— 


22k*09 


/ 


— 


4* *02 


»* 


V 


= 


9**9 


F 


= 


17k 39 


/ 


rs 


3k- 16 


„ 


V 


= 


7*’8 


F 


— 


15**45 


/ 


= 


2 k 82 


»» 


V 


— 


G*\3 


F 


= 


15k 0 


/ 


— 


2**72 




V 


— 


4 k 4 


F 


= 


13k 8 


/ 


ss 


2**52 


t» 


V 




2* 3 


F 


s : 


21k 1 


/ 


= 


3k -84 


» 


V 


= 


Ok 


F 


= 


50 k 6 


/ 


= 


9*20 



2805 . 




For V 


= 


24**8 


H 


= 


34* 


f 


= 


6** 17 




V 


= 


2l**4 


F 


= 


30* 5 


f 


as 


5* 54 


w 


V 


= 


16*4 


F 


— 


25* 


f 


ss 


4**55 




V 


= 


12k 6 


F 


s 


20* 8 


/ 


= 


3**78 


it 


V 


— 


9 k 9 


F 


ss 


17**2 


! 


= 


3* 12 




V 


S 


8* 1 


K 


— 


11* 6 


/ 


S3 


2*12 


M 


V’ 


= 


5*9 


F 




1 1**1 


/ 


SS 


2* 02 


M 


V 


— 


3*8 


F 


— 


11* 4 


/ 


J- 


2* 07 


n 


V 


— 


2 k 8 


F 


zz 


17* 2 


/ 


= 


3* 12 


i* 


V 


= 


0* 


F 


= 


29* 5 


/ 


= 


5*35 



The coefficient of resistance a ton, at starting, 8 k, 7, given by the last Table, was also verified 
approximatively by means of a small dynamometer with a spiral spring, placed in the chain, by 
which the carriage was gently drawn until its inertia was overcome. 

4 r 2 
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Resistance of Enginet at different Veiocitica.—Firit Method . — The experiments in this ease were 
made between Epernay and Chalons; the engines and tenders were carefully weighed at Epemay 
before starting, and strain on their return, the object being to determine the resistance of engines 
under ordinary conditions, that is. having their steam up and being properly greased. 

The engines were started at different velocities, and when the speed had become uniform, the 
steam was shut off and the engine left to itself till it stopped. The distance and the time were 
measured hy a chronometer and a distance-counter. 

The initial motive force is composed, not only of the force due to the rectilineal velocity of tho 
total mass, but also of the force due to tho rotation of the revolving mosses (sec Note A, later). 
The engines submitted to these experiments were of two kinds, No. 15 a goods engine, and No. 14 
used for mixed trains (Table I.). 

V being tho velocity at the circumference, in metres a second, tho motive force of rotation of 
the engine axles will be expressed as follows ; — 

18-4 X V* for wheels of 1 *20 metre. 

20 xV* „ rso „ 

27-4 xV» „ 1*68 „ 

Admitting this, let 

x lie the sjtace traversed ; 

M, the total mass in motion ; 

V, the initial velocity in metres a second ; 

а, tho known resistance of tho auxiliary carriage; 

x , the unknown resistance of the motor (engine ami tender) ; 

б, a known term (depending on tho revolving masses); 

we have, the formula 

Qm-m)v* = (<. + *)x». m 

As an example of tho application of this formula [*y], let us take trial No. 1, Table II. 

The mixed engine No. 249, system 14. the tender 440, and the auxiliary carriage, in all three 
vehicles, were driven at a speed of 20 kilometres an hour, and they stopped in 427 metres; tho 
time spent in traversing this space was 2 minutes 30 seconds, from which it follows that the mean 
speed was 10 kilometres on hour. 

We have, besides, 

1 M = —1— x (50100 + 5500) = 2850. 

2 I 9 ‘ 02 » 

6 = 25 + 2 x 27 4 + 3 X 18 4; 

whence 

b = 135, 

V* =5-55* = 30-8, 
a = 19-80, a = 427. 

Substituting these values in the equation [ y ], we find 2985 x 30-8 = (19-80 + x) x 427; whence 
x = 196. 

Thus the mean resistance of the engine and tender , daring the time of retardation, was 196 kilo- 
grammes; if the line had been perfectly level, the resistance would have been diminished by 
0’4 x 50-4 = 20* *16; say 20 kilogrammes. There remain 176 kilogrammes, which makes 3* - 50 
a ton. 

Notwithstanding a few variations, which may be attributed to the condition of the line and to 
different degrees of lubrication, it will be seen that tho coefficients of Table II. may be arranged 
so ns to furnish a law of continuous increase with tho initial velocity. Tho variation of the 
coefficients from one engine to another of the B&me type, with an equal initial velocity, may bo 
explained by the more or less perfect working of tho |*irta subject to friction. For different types, 
besides this reason, the variation depends upon tho dissimilarity of the mechanism. The relative 
inferiority of the coefficients for engines Nos. 253 and 0*155 is owing to tho tenders of these 
engines being provided with oil-boxes. 

From Table II. we find that for the two mixed engines the coefficient / of the mean resistance 
a ton has tho following values ; — 

For on initial velocity of 20 to 29 kilometres, say a mean velocity of 11*, / = 3* *20 
30 to 39 „ „ „ 15*,/= 4* -00 

„ „ 40 to 49 „ „ „ 20*,/= 4* *35 

„ „ 50 to 60 „ „ „ 23*,/= 5* -70 

The goods engine No. 0*123 gives; — 

For an initial velocity of 20 to 25 kilometres, sav a mean velocity of 9 *,/ = 5* *32 
„ „ 25 to 35 „ „ „ 12*, f = 6* -43 

„ „ 35 to 40 „ „ „ 16*,/ = 7**52 

The results of engine No. 0*155 cannot lie combined with those of engine No. 0 123, because 
they are not sufficiently numerous. The graphic method of the curves of acceleration was not 
applied to these experiments. 
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Table II. — Experiments on the Resistance of Engines and Tenders to Motion. 



1 

Ex- 

peri- Type of Engine and Tender, 

menu. 


Nature 
cf the 

Lins. 


Initial 

Velocity instance 


Time 

in 

second*. 


Mean 

Velocity 


Mean 
Resist- 
ance by 
calcula- 
tion. 


COTTWJ- 


Mean Re.i*tsn<* 
on a Laval 


Mean 
of the 


an 

hour. 


Run. 


an 

hour. 


Gravtty, 


TotaL 


a ton. 


G*Q5- 

clenta. 








1 kiloma. 


nitirr*. 




kilorna. 


kilos*. 


kil-ioc 


klloR*. 


kQog*. 


Id tog*. 


1\ 






'] 20 


427 


150 


10 


196 


20 


176 


8-50i 


3-48 


2 






20 


430 


157 


10 


104 


20 


174 


346/ 


3 






30 


688 


194 


12 


292 


20 


272 


5*881 




4 

a 

6 

7 


Mixed, 249 — Typo 14. 
Tender, 44o. — Grease- boxes.' 
Weight 50,000 kilogrammes.' 




33 

33 

38 

45 


840 

1115 

1465 

1610 


210 

269 

304 

280 


14 

15 
17 
21 


256 

187 

183 

243 


20 

20 

20 

20 


236 

207 

203 

223 


4*681 

420 

4-JOj 

4-42\ 


4-59 

4-81 


8 


1 




45 


1437 


280 


18 


283 


20 


263 


5-20/ 


9 






51 


2137 


362 


21 


237 


20 


257 


5*201 


5-67 


10' 


v 




55 


2047 


348 


21 


283 


20 


303 


615/ 


in 




. 

I 


26 


740 


196 


14 


188 


20 


168 


3-301 


2-92 


12 




26 


910 


280 


12 


149 


20 


129 


2-54/ 


13 


Mixed, 253. — Tvpo 14. 1 


a 


34 


1218 


290 


15 


186 


20 


166 


3-281 


3-41 


11) 


Tender, 484. — Oil-boxes. ( 


a 


32 


1350 


319 


15 


200 


20 


180 


3' 54/ 


15 


Weight 50,500 kilogrammes. 


a 


43 


1730 


350 


18 


203 


20 


183 


3-6)1 


390 


i« 


~r 


-16 


2082 


362 


21 


190 


20 


210 


4-20/ 


17' 




© 1 


| GO 


2626 


379 


25 


267 


20 


287 


5-74 


5-74 


18\ 


i 


It 


20 


322 


ISO 


9 


242 


18 


224 


4 921 




19 






22 


346 


130 


10 


273 


18 


255 


503 


5-32 


20 




o 


20 


340 


130 


9 


227 


18 


245 


540 




21 




1 


26 


380 


132 


9 


350 


20 


330 


7-28 




22 

23 

24 

25 


Goods, 0- 123.— Type 15. 
Tender, 118. — Grease-boxes. 1 
Weight 45,300 kilogrammes j 


O 


20 

26 

30 

32 


404 

450 

508 

G10 


135 

146 

150 

165 


11 

11 

12 

13 


318 

283 

339 

312 


20 

20 

20 

20 


298 

263 

319 

292 


6*53^ 

5- 82 
7-001 

6- 45/ 


6-43 


26 






33 


700 


171 


15 


290 


20 


270 


5 - 96 




27 






30 


680 


170 


14 


246 


20 


266 


5*88/ 




28 






40 


842 


182 


17 


318 


20 


338 


7-451 


7-52 


29/ 






39 


792 


180 


1G 


320 


20 


346 


7-60/ 


30 I 

31 


Goods, O' 155. — Typo 15. 1 

Tender, 499. — Oil-boxes. > 
Weight 48,000 kilogrammes. ) 




3N 

40 


990 1 
1015 ; 


218 

214 


16 

17 


276 

307 


20 

20 


256 

287 


5*251 

5-93/ 


5-59 



Second Method , — Each double journey, from Epemay to Ch&lons and back, was made with two 
engines ; the dynamometer being placed' in the middle, the second engine, drawn on the outward 
journey, drew, in its turn, the first engine on the return. The hind engine had its regulator 
closed, its steam shut off, and its waste-pipes open. In the middle of the journey the train was 
stopped for the purpose of greasing the cylinders of the engine which was being drawn. The 
types experimental upon were four in number ; the results obtained will be found in Table III. 

It will be seen that at the ordinary speed, the resistance a ton of the engine and tender, for the 
rolling of these vehicles and the friction of their mechanism when not at work, reaches the following 
values ; — 



Goods engine (type 15) .. .. V = 24*, f— 9 k -52 

„ (typo 20) .. .. V = 26 k , / = 10 k 24 

Mixed engine (type 14) .. Y = 45 k , / = 6* '41 

Engine with free wheels (type 1) V = 45 k , / = 5 k -48 



The figures found by this method are naturally greater than those obtained by the first 
process; the speed is generally greater, and the greasing of the cylinders and slide-valves is not 
the same: here we travel several kilometres without steam in the cylinders and without grease; 
in the first method the engine goes but a few hundred metres after the regulator is closed. 

The following ore two immediate applications which may be made of the figures we have given 
above. 

1. At their normal speed, 6-wheeled goods engines descend alone, without steam, incline* of 

9 to 10 millimetres; and mixed and free-wheeled engine* descend alone incline* of 5 to 6 milli- 
metres. 

2. To find the total work developed by an engine in front of a train, we must add to the work 
measured by the dynamometer the work absorbed by the engine itself, both by its transport and 
by iti friction. This may bo done by multiplying tho above coefficients by the weight of the 
motor and by the speed. 

Type 20 gives a higher coefficient than type 15, though tho latter has smaller wheels. Tho 
greater resistance of typo 20 is probably due to the larger dimensions of the cylinders, and, in 
general, to a little more friction in the mechanism. 

The influence of the speed upon the resistance is clearly seen from the Table : we shall return 

10 this subject later. 
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Table III.— Dynamometrical Experiments on the Resistance op Engines and Tenders in Motion. 







Distance 






N umber 






Resist- 


Mean 
of the 
Resist- 
ance* 


Type of Knglne. 


.'fumltcr 
of Uw 
Engine. 


i ran by the 
Engine : 
sine* til* 

Lout Rt-n.-ritl 


Type of Tender. 


' Weight of 
1 Ike Engine 
1 and Tender. 


of Kilo- 
metre* 
experi- 
, merited 


Mean 

Speed 

1 *** 

; hour. 


Total 

mean 

Rebal- 

ance. 


ance a I 
ton of 
i Engine 
; and 






{ repairs. 1 






i on. 






. Tender. ; 








I klloma. 




too*. 


kiloniN 


kilom*- 


kilotna 


Idioms. 


kllorna. 




0* 151 


18,231 


i Four wheels, grease- 1 

\ boxes J 

D = l m *20 .. .. 

Four wheels, oil-boxes 


1 49 to 50 


6 


15 


437 


8*90) 




Goods. — Typo 15. i 
Six wheels coupled. 1 
D = l m *30. 


0 123 


8,013 


1 " 1 

| 50 to 51 


10 

4 

8 


24 

27 

22 


497 
515 
! 416 


10 00/j 

10*5ojj 

8*201 


9*80 

9*25 








D=l“-20 .. .. 




4 


34 


523 


10*30/, 






1 












Mean 


9*52 


Good*. — Type 20. 
Six wheels coupled. 


1 0-233 


16,403 . 


IFour wheels, grease- 1 
\ Uixes / 


53 to 55 


11 


23 


529 


9-621 


10*24 


L>=1"*40. 


1 




D = l m 14 .. .. 


- 


17 


30 


582 


10*86) 






'249 


12,895 


IFour wheels, grease-1 


47 to 49 ! 


11 


30 1 


347 


6*921 




7*73 








D=l”-20 




10 


49 


417 


8-Sol 




Mixed. — Typo 14. | 










5 


62 ! 


588 


12*58 




Four wheels coupled. 
D s l® *70. 


214 


20,943 < 


iFonr wheels, grease- \ 

\ boxes Ji 


51 to 52 ! 


15 


23 j 


293 


6*01 


5*65 








D — l m *20 .. .. 




3 , 


27 


272 


5-30 






189 


3,185 


Four wheels, oil-boxes 
D = 1®*20 .. .. 


51 to 53 


16 ; 


35 


300 


5*811 




5*86 










5 


43 | 


307 


5*921 


’ 


















Mean 


6*41 


Free wheels. — Typo 1. ' 
D = 1®*70. | 


| 77 1 

1 


19.G23 | 

1 


(Four wheels, grease - 1 

[ boxes J 

D = 1“*00 .. .. | 


37 to 38 


15 J 
2 


50 j 
41 1 


232 

185 


6-05I 

4*92] 


5-48 



Resistance of Locomotives mid Terulers at Starting . — There is a special degree of friction at start- 
ing, because the condition of the surfaces with respect to lubrificatiou is not the same then as it is 
after the wheels have made a few revolutions. For each vehicle a minimum force is necessary to 
overcome its inertia; to determine this forco accurately, it must be applied gradually till the mass 
is set in motion. This is hardly possible when a locomotive is used ; in almost every cose more 
forco is applied than is necessary. Wo succeeded, however, in fulfilling the required conditions iu 
a satisfactory degree, by drawing a heavy mixed engine with a small oue of free wheels ; the latter 
was obliged to exert all its strength to move the larger engine, the inertia of which was, conse- 
quently, gently overcome. It was found in this way that the mixed engine, type H, with its 
tender, required a force of 820 kilogrammes, say 15 k *90 a ton, and the goods engine, typo 15, a forco 
of 19**70 a ton. 

These figures show with tolerable accuracy the value of the friction at starting. If now wo 
start more energetically, the greatest force shown by the curve is not employed merely to overcome 
the friction, but to give acceleration to the mass acted upon. We have seen applied, to start a 
mixed engine, a force of 40 kilogrammes a ton, yet the shock produced could not be called violent ; 
and such starts as these are of daily occurrence. 

Resistance of Tenders atone . — Experiments were made upon tenders alone by means of the dyna- 
mometer, the results of which experiments are given in Table IV. The mean resistance is 6**10 
a ton at a speed of 27 to 32 kilometres, and 7 k *0l) a ton at a speed of 45 kilometres. 



Table IV.— Dynamometrical Experiments on tub Resistance of Tenders in Motion. 



Typo of Tender. 


Number of 
the Tender. 


Weight of 
the Tender. 


N amber of 
Kilometres 
| experi- 
mented on. 


Mean 

an 

I hour. 


Total 

mean 

Resistance. 


Resistance : 
a ton. 


Mean of 
the Re- 
sist* tiers. 






k. 




k. 


k. 


k. 


k. 




| 440 


19,510 


3 


29 


99 


5-07 




CiroHso-1 nixes, four wheels. 
D = l® *20. 




18,600 

18,600 


4 

5 1 


27 

32 


93 

101 


4*98 

5*43 


5*16 


j 


19,510 


2 


4+ 


128 


6*56 I 


700 




| 174 


21,400 


14 

1 


45 


160 


7*45 ; 

L 



Resistance of Engine* with Four Axles coupled . — Four experiments were made to determine in 
u special manner the resistance of engines with four axles coupled. Wo had at our disposal u 
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straight piece of line of only 300 metres in length ; consequently it was impossible to exceed a very 
moderate speed. The temperature was at + 5 degrees centigrade. 

Two engines, Nos. 0*177 and 0*108, were used in these experiments, which were repeated in 
order to obtain a mean ; the former engine had its steam up, the latter was odd. The dyna- 
mometrical curve gives tho following resistances ; — 

1. Engino 0*177 (weight of tho engine and tender = 63100 kils.). 



First trial 1460 kils. 

Second trial 1470 yl 

Moan .. 1465 „ 

2. Engino 0*168 (weight of the engine and tender = 64700 kils.). 

First trial 1300 kils. 

Second trial 1370 „ 

Mean 1335 „ 



Mean of the two results, 1400 kils., say 21 k *50 a ton. Tho speed varied from 6 to 10 kilometres 
an hour. 

Tho foregoing experiments were made with the greatest care, vet thoy are not so trustworthy 
as those made on the 10 to 12 kilometres between Epernay and Ch&lons. The resistance of tho 
engino with four axles coupled was found to be at starting 30 kilogrammes a ton. 

Resistance of Trains in general * — The dynamometer was always employed to determine tho force 
upon the couplings of the tender duo to tho resistance of the train. Figs. 2606 to 2600 are an 
example of the method of experimenting and calculating applied to a portion of the train (K)74 of 
the 22nd March, 1867. It is the case of a goods train drawn oy an engine with eight wheels coupled 
upon a steep incline (15 millimetres a metro). 

Tho time is marked overy 30 seconds ; the distance every 500 metres, and when the speed 
decreased much, every 250 metres. 

The whole of that portion of the Figure which is represented by full lines was drawn at tho 
time of making the experiments ; that portion indicated by dotted lines was executed afterwards 
for the purposes of calculation. As the paper moved from left to right, the curve must bo studied 
from right to left. The pencil which marks the force not being in the same vertical plane as thuao 
which mark the time and tho distance, the curve must be removed a distance of 05 millimetres, 
which is tho distance between the two planes ; the line a b represents the force at the moment of 
passing post 89. The force, tho time, the speed, and the work may be calculated for each period 
of distance. 

For example, between posts 88$ and 89 the quadrature of the curve is made by means of two 
trapeziums; we deduce from it the fact that the mean force was 4190 kilogrammes throughout this 
distance. There are 3 points representing 30 seconds each, plus a fraction corresponding to 
12 seconds; total, 102". It follows that the speed was 17 k, 7 an hour, and that the work was 
275 horse-power. 

Table V. shows the arrangement of the figures copied from the roller, with the results of 
calculation. 



Table V.— Train No. (E) 74 or the 22nd March, 1867, from Vielsalm to Gouty. 
Engino No. 0529. (Type with four axles coupled.) 
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The forces, calculated as already described, are placed opposite the corresponding pouts. When 
the nature of tho line has been nearly constant throughout a long distance and the sj>eed has 
varied but little, we may calculate , — 

1. The mean force. 

2. The mean speed. 

3. The mean work of traction. 

When the gross weight of the train is known, we may deduce the mean effective resistance a 
ton. In tho foregoing Tablo which we give as an example, the mean effective resistance a ton is 
18 k *24. The mean gradient waa 15““ *50; therefore, the mean resistance, corrected for gravity, 
is 2“ -74. 

The trains which we experimented on were the ordinary daily trains, our object being to 
discover usual circumstances. From a purely technical point of view, it would no doubt havo 
been much easier to make up special trains fulfilling such and such conditions of loading, of speed, 
or of lubriflention, but this could not be realized in the ordinary work of a railway company. 

The results have been collected into several Tables (Tables A to J). Tables A to E inclusive, 
relate to goods trains ; Tablo F relates to mixed trains ; and Tables G to J, to passenger trains. 
The total distance run during the experiments is ; — 

1360 kilometres for goods trains, 

451 „ mixed trains, 

1001 „ passenger trains, 

which gives a gross total of 3412 kilometres. 

The total number of trains is 139, of which 54 were passenger trains, 9 mixed, and 7G goods 
trains. 

Explanation of the Tahirs . — A Table similar to No. Y. was drawn up for each train. 

1. The column headed Number of Kilometres experimental over. — Tne number of kilometres in 
this column is 6 for train (E) 74, which is tho last in Table E ; this number corresponds to tho 
bracketings in Table V., and not to the whole course of the train. We have thus omitted a certain 
fraction of the distance, which in some cases has been considerable. We cannot, in calculating the 
means, take into account those portions of the way which are very irregular, or where the speed 
has varied greatly. To obtain accuracy in calculations of this kind, tne force of traction must 
have been continuous from one end of the given distance to tho other, and nearly uniform. These 
conditions have been realized throughout the distances given in the column. 

2. The column headed Gross Weight of the Train. — The gross weight of a train consists of two 
parts. The dead weight of the carriages, or non-paying load, and the paying load ; the dead 
weight waa obtained from the list of the tare, the paying load was given exactly by tho guard’s 
books. 

3. The column headed Nature of the Line.— The inclino is absolutely constant, or varies within 
narrow limits : in tho latter case tho number in the column is a mean. 

4. The columns headed Force of Traction , Force a Ton. — The force of traction corresponds to tho 
mean of the ordinates of tho dynamometrical curve ; the force / a ton, absolute or effective, is 
obtained by dividing tho force of traction R by the gross weight of the train. If, however, there 
is a correction to be made, to take into account a positive or a negative acceleration (sec Note A, 
later), the absolute force / a ton, though still deduced from the force of traction R, taken from the 
diagram, is not obtained in so simple a manner as before. 

5. The column headed Force a Ton, corrected. — That is, after making tho correction for gravity. 
We shall prove later that the coefficient of resistance upon an incline » is equal to / -f- i; that is, 
/ being the resistance of the train a ton upon a level, if the train comes upon an inclino », without 
any change taking place in tho speed or the conditions of traction, the resistance a ton upon 
the incline becomes / + *» * being tne number of millimetres in the tangent of the inclination a 
mitre. 

To eliminate the part played by gravity, and to render comparable trains tried upon different 
lines, or parts of a line, we have in each caso subtracted i from the absolute resistance, so that the 
last column gives the values of / on a level. 

With respect to Tables G to J we havo only two special explanations to give; — 

1. The weight of the paying lood was found by adding to the weight of the luggage obtained 
from the guard's books, 70 kilogrammes a head for the passengers. This is not too much to include 
luggage in hand. 

2. We havo not confined ourselves, as we did in tho case of goods trains, to calculating the 
resistance a ton ; but wo have calculated the resistance per carriage. It was comparatively easy 
to accomplish this, because the gross weight of the vehicle varies within much narrower limits in 
a passenger than in a goods train ; in the former, the carriages being all covered, they are com- 
pletely exposed to the resisting action of the air, and consequently absorb a nearly equal portion 
of the whole resistance of the train. 

Goods Trains . — In reference to tho experiments noted in Tables A to E, we have to mako the 
following remarks ; — 

1. One or two engines were employed upon each train ; there were two, three or four axles 
coupled to each engine, and the adhesive weight varied from 20 to 40 tons. 

2. The gross weight of the trains varied from 152 to 571 tons ; the number of trucks and vans 
was from 12 to 56, and of these some were empty, some partially, and others wholly loaded. 

3. The proportion of trucks to vans varied from 0 to 97 per cent., and of these from 2 to 100 
per cent, were lubricated with oil. 

4. The inclination of tho line varied between 1 and 20 in 1000; tbc minimum radius of the 
curves has been as low as 400 metres. 
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5. The temperature was of all degrees — 4 and + 20 centigrade, and the weather was os varied 
as the temperature. 

6. The mean speed fluctuated between 10 and 39 kilometres an hour. 

This for the data ; as to the results, the following limits may be given ; — 

1. The force of traction has varied from 825 to. 4 090 kilogrammes (omitting tho cases of double 
traction). 

2. Tho absolute resistance a ton has varied from 2 k *74 to 22 k, 18, according to the nature of 
the line. 

3. The coefficient of resistance on a level has varied from 2 k, 21 to 8 k ‘60, according to the 
speed and tho state of tho atmosphere. 

Tables VI. and VTL, which are taken from Tables A to E, bring together those trains that 
have been subject to the same circumstances of traction. Though, in these two Tables, the speed 
and the nature of the line were precisely tho same, it will be seen that, in the second, tho 
coefficients of resistance are greater than those of tho former; this difference is due 1, to the 
smallnc-ss of the paying load, and 2, to atmospheric conditions (wind, frost, See.). 

lu Table YL we have; — 



For a speed of 17 to 26 kilometres .. .. .. .. /=3 k- 15 

„ 26 to 32 „ / = 3 k ■ 95 



which gives for a train in good condition of loading, mean weight a truck ^ 8000 kiLo-, and for 
a mean ordinary speed, / = 3 k, 55 on a level. 



Table VI.— Goods Trains. 



1 Agnation of the Train. 


Number 

of 

Trucks, 
3c c. 


Gross Weight 


Tem- 

pers- 

lure. 


Propor- 
tion of 
Trucks 
to Vans 


Proportion 
of Trucks 
lubricated 
with OiL 


Speed 

an 

hour. 


Resistance 
a tori, cor- 
rected for 
G rarity. 


Observations. 


ToUL 


a truck. 










tona 


kilo**. 


o 


per ccm. 


per cent 


klloma. 


kile. 




199. 


Juno 20, 


1862 


53 


567 


10,700 


+ 14 


.. 




20 


3 12 


All these trains 


62. 


Feb. 27. 


1863 


28 


306 


11,000 


+ 13 


14 


43 


25 


314 


have realized 


40 «2. 


April 28, 


1864 


60 


509 


8,500 


+ 18 




.. 


26 


3 20 


the following 


66. 


Aug. 31, 


1864 


34 


332 


9,700 


+ 18 


25 


11 


17 


3*14 


conditions ; — 




















Mean 


315 


» < 3 mill. 


567. 


June 27, 


1862 


27 


221 


8,200 


+22 






29 


443 


R % 1000 ml-t. 


562. 


June 15, 


1862 


33 


301 


9,100 


+20 


.. 




29 


4-32 


f >5’. 


64. 


March 19, 


18G3 


29 


321 


11,100 


+ 6 


50 


i i 


28 


401 




62. 


Fob. 27, 


1863 


28 


30G 


11,100 


+ 13 


14 


43 


31 


S' 18 


The gross 


78. 


March 17, 


1864 


46 


474 


10,300 


+ 14 






31 


3 98 


weight of tho 


88. 


March 18, 


1864 


20 


249 


9,500 


+ 12 


45 




29 


4 05 


truck > 8000 


78. 


April 12, 


1864 


28 


300 


10,700 


+ 12 


28 


71 


32 


4*33 


kilogrammes. 


78. 


April 12, 


1864 


30 


326 


10,900 


+ 18 


30 


71 


29 


3*54 


W ind imper- 


78. 


April 13, 


1864 


55 


536 


9.700 


+ 19 


so 




31 


4-41 


ceptiblo. 


78. 


April 13, 


1861 


55 


536 


9.700 


+ 19 


36 




31 


8*54 




66. 


Aug. 31, 


1864 


32 


296 


9,200 


+ 19 


25 


11 


30 


374 






















Mean 


3*95 




















Genera 


mean 


3*55 





In Tablo VII. wo find for this same mean ordinary speed ; — 



Calm weather, frosty, good paying load .. .. ., / = 5 k *09 

„ „ small paying load / = G k, 26 

Windy, good paying load /= 5 k *06 

„ small paying load / = 5 k * 87 

Calm weather, Bmall paying load / — i k -S7 



The smaller tho laying load is, the greater is tho numlier of axles for the same gross tonnage, 
and it is obvious that this fact must have great influence on tho coefficient of traction, even if the 
line have no curves of a leas radius than 1000 metres. 

Mixed Trains . — The following remarks apply to Table F ; — 

1. The number of engines employed on each train was one or two ; the number of axles coupled, 
per engine, two or three ; and the adhesive weight, 20 to 27 tons. 

2. The gross weight of the trains varied from 120 to 239 tons; the number of carriages and 
trucks was from 14 to 30. 

3. The proportion of open trucks was from 0 to 75 per cent., and of these 15 per cent, at tho 
most wore lubricated with oil. 

4. The inclination of the lino varied between tho narrow limits of 0 nsm- 4 to 3** *5; tho 
minimum radius of the curves was 1000 metres. 

5. The mean speed fluctuated between 25 and 52 kilometres an hour. This latter speed, which 
is far above the onlinary, was attained only when it became necessary to recover lost time. 
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Table VTI. — Goods Traiwb. 

Trains of difficult Traction from various causes. 





1 




tlna* Wficlil 








Prwpor- 














Ho. at 
r rucks 
fee. 










Projxw- 
tkm of 
Trucks 
to Vans. 




Speed 

an 

boar. 


Rc-slst- 


M fin 




Ilwrigjiatioii of the Train. 

' 


Total. 


n track. 


Atoospbetlo 

Condition*. 


Trock*. 

&TV. 1 42— 
brks»t«l 


+im- a 

too. cor* 

reeled. 


of th« 
OodB- 
dsnto. 


Observihtlonn. 


















wit.li Oil. 
















Ions, 


kilogA. 




o 


prr 10ft. 


per 100 . kiiomi. 


kUo«*. 


1 kliogs. 




85. Feb. 22, 


1863 


37 


281 


7,600j 


r.iccy 

calm 


[t= -:i 


16 


.. 


25 


4*76] 


r 


All the trains of 
this Table have 


85. Feb. 22, 


1863 


.37 


281 


7,600 


Calm 


T— -2 


16 


„ 


25 


5*28 


509 


been subject to 


88. Feb. 13, 


1865 


25 


216 


8,600 


T = -2 


„ 




31 


5-58 




the following 


88. Feb. 13, 


1865 


25 


216 


8,600 


n 


T= -2 


- 




38 


4*80; 




conditions ; — 


61. Feb. 14, 


1865 


39 


206 


5,400 


Calm 


T= -8 


ra 


10 


26 


640) 




i < 3 milt 


75. Feb. 13, 


1805 


38 


175 


4,600 




■r= -s 


80 


25 


88 


7*271 


C-20 


K % 1000 met. 


85. Feb. 27, 


1803 


37 


249 


6,700 


it 


T= -2 


so 


3 


25 


4*88j 


85. Feb. 27, 


1863 


39 


207 


6.800 


»f 


- 1 


so 


3 


27 


5 87j 




V < 35 ki louts. 


91. April IS, 


1864 


40 


838 


8,400 


Windy Tat + 7 






28 


4*781 




To calculate the 


91. April 13, 


1864 


40 


3 38 


8,400 




T = + I0 


,, 




27 


5*14 




means in the 


91. April 13. 


1864 


88 


823 


8,500 




T = + 10 






26 


5*92 




last column wo 


91. April 13, 


1804 


38 


323 


8,500 




T 4-10 






27 


5*40 i 


508 


have taken only 


91. April 13, 


1864 


38 


823 


8,500 




T = + 12 






28 


5*89 




one coefficient 


60. April 7, 


1804 


34 


329 


9.600 


” 


1=4-12 


60 




24 


4*68 




a train, unless 


78. March 17, 


1864 


47 


478 


10.200 




T=4-14 






29 


1*82/ 




this Ira in ho a 
been subject to 


89. April 14, 


1864 


44 


240 


5.400 


\VinilcT=+ 8 


66 


9 


30 


6*03 




very varying 


89. April 14, 


1864 


44 


240 


5,400 


n 


X = 4- 8 


66 


9 


27 


6*20 




conditions of 


89. April l f. 


1804 


48 


267 


5,500 




T = -t 10 


66 


9 


20 


7*73 




traction, in 


89. April 14, 


1804 


48 


207 


5.500 




T=4-10 


66 


9 


27 


7*60 




which case se- 


89. April 14, 


1804 


45 


245 


5.400 




T=+1<i 


66 


9 


26 


7*46 




veral coeffi- 


89. April 14, 


1864 


45 


245 


5,400 


v 


T= 4- 12 


66 


9 


28 


6*83 




cients have 


89. April 14, 


1804 


39 


199 


5,100 


|f 


T = 4-lb 


66 


9 


31 


7*90 




been taken. 


88. Mhit.1i 18. 1S64 


38 


264 


6,900 




T= + ll 


.30 


8 


28 


4*79 






89. M.-irfli 18, 1864 


38 


204 


0,900 


(J 


T +11 


30 


8 


18 


5*94 






88. March 18, 1664 


38 


264 


6,900 




T = -f 11 


80 


8 


26 


5*92 


5 87 




89. March 16, 1864 


37 


258 


6,900 


n 


1 =4-11 


30 


8 


32 


6*15 






91. March IT. 1864 


26 


169 


6,500 




T = 4- 5 




„ 


24 


6*98 






91. March 17 


1864 


26 


169 


6,, 500 




T = + 


„ 




25 


7*68 






91. March 17, 1864 


25 


160 


6,400 




T=+ 8 


.. 




30 


7*87 






663. June 14, 


1862 


34 


238 


7.000 




T = + 15 


.. 




24 


4*55 






564. June 24, 


1862 


30 


180 


6.000 




'1=4-18 


.. 




24 


5*06 






564. .Tunc 24, 


1802 


41 


210 


5,100 


z 


T= + I8 






20 


5 • 16 






504. June 24, 


1862 


41 


210 


5,100 


M 


T 4-18 






28 


6*45 






3/64. June 22, 


1864 


49 


309 


6,800 


ft 


T= + 18 


50 




24 


4’ 82/ 






83. April 6, 


1864 


51 


298 


5.800 


Calm 




40 




31 


5*06i 






83. April 6, 


1804 


41 


244 


5,500 






1" 




26 


4*98 






88. April 6, 


im 


41 


226 


5.500 


n 




IM 




25 


5 *24 






77. Dec. 6, 


1862 


30 


189 


6.800 




Trc+'ia 


IS 




82 


5*20 






77. Dec. 0, 


1802 


28 


172 


6,100 




T=+18 


IS 




36 


570 




. 


562. June 25. 


1862 


28 


196 


7,000 




T-+22 


.. 




28 


6*00 






81. April 11, 


1864 


43 


254 


5.900 


n 


T= + 18 


30 


5 


25 


5*43 






81. Ajwil 11, 


1864 


43 


254 


5,900 




T= + 12 


30 


5 


23 


5*53 






81. Sept. 1, 


1864 


52 


318 


6,100 

6.100 


n 


Tc 4 28 


40 


7 


29 


3*74 






81. Sept 1, 


1864 


49 


299 




T- +25 


40 


7 


84 


4 34 






75. Aug. 31, 


1864 


42 


907 


7,300 




T=+2II 


14 


7 


20 


4*19 


i 




75. Auu. 31, 


1864 


•12 


807 


7,300 


„ 


T= + 20 


14 


7 


27 


3*88 


+ K7 




75. Aug. 31, 


FsOt 


41 


297 


7,200 


n 


T - +40 


14 


7 




4*15 






75. Aug. 31, 


1801 


40 


273 


6,800 




T - +20 


14 


7 


30 


3*41 






75. Ang. 31, 


1864 


41 


264 


6,400 


„ 


1- +20 


14 


7 


21 


1*54 






81. June 17, 


lsoi 


55 


336 


6,100 




T- + 21 


27 




17 


3*22 






40/69. April 29, 


1864 


81 


184 


5,900 




• • 




24 


4 *77 






83. M»»h lli, 1864 


29 


196 


6,700 


Calm 


T - + 0 


31 


*7 


22 


5*00 






81i. March 16. 1864 


29 


196 


6,700 


n 


T - + h 


SI 


7 


26 


5*14 






83. March 16 


1864 


37 


279 


7,500 




T=+ 1* 


25 


5 


S3 


4- 12 






85. Nov. 26. 


|8I?2 


83 


207 


6.200 


” 


T = + 5 


20 


18 


30 


5*70 






85. Not. 26, 


1862 


33 


207 


6,200 




T=+ 8 


2m 


13 


26 


600 






85. Nov. 26, 


1862 


33 


Z07 


6,200 




T = + 5 


26 


13 


29 


5*89,. 
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Table VIII. given those trains which were subject to the Biime circumstances of traction. Under 
good conditions of line, of load, and of weather, and with a mean speed of 34 to 44 kilometres, 
these trains give a mean coefficient, / = 4 k *67, corresponding to the mean coefficient / = 3 k *55, 
found for goods trains at a mean spool of 20 to 30 kilometres. 

Fine weather, bad paying load .. /— 5 k, 48 

Windy, good paying load / = 5 k *62 

Table VIII. — Mixed Trains. (Speed between 34 and 44 kilorabtres.) 



; < 3 millimetres. Radius of tho curves > 1000 mbtres. t > O' 5 . 



Designation of the Train. 


N amber 
of Car. 
rUgM. 


Grass Weight 


Tempe- 

rature. 


Propor- 
tion of 
Tracks 
to Vans. 
kc. 


Propor- 
tion of 
Tracks 
lubri- 
cated 
with OIL 


Speed 

an 

boar. 


Rndstance 
a ton. 
corrected. 


Obscrrations. 


Total. 


a car- 
riage. 






ton*. 


kilng*. 


9 


per 100. 




kilt tins. 


kfta. 




100. April 25, 1862 


24 


239 


9950 




0 




36 


464 




100. April 25, 1862 


'i 5 




9080 




0 




38 


4 60 ) 




38. Deo, 5, 1862 


22 


200 


9050 




0 




37 


4-67 1 




38. Doc. 16, 1862 


18 


174 


9650 


+ i 




.. 


39 


4*43 [ 




46. Nov. 19, 1862 


14 


120 


8550 


+ 5 


6 




44 


518 ) 


















Mean 


467 


Fino weather. 


100. April 16, 1862 


28 


207 


7880 








84 


5 22 




100. April 16, 1862 


25 


190 


7580 




•• 




42 


575 


















Mean 


5*48 


Light paving 




















load. Fine 


100. Nov. 25, 1862 


27 


212 


7850 


+ 4 


37 


11 


35 


5-45 


weather. 


100. Nov. 25, 1862 


24 


197 


8200 


+ 4 


40 


15 


34 


512 




100 Nov. 25, 186*2 


24 


197 


8200 


+ 4 


40 


15 


35 


5-54 




46. Nov. 15, 1864 


28 


217 


9450 


+ 9 


75 




42 


5-98 




46. Nov. 17, 1864 


19 


172 


9050 


+ 11 


0 




36 


5*78 




46. Nov. 17, 1864 


19 


172 


9050 


+ 11 


0 




42 


5*66 


















Mean 


562 


Windy. Good 




















paying load. 



P assent] er Trains . — The following refers to Tables G to J ; — 

1. The number of engines employed was one or two to each train; the number of axles 
coupled, at tho most, two per engine; and tho adhesive weight was from 0800 to 22,000 kilo- 
grammes. 

2. The gross weight of the trains varied from 30 to 116 tons, and the number of carriages to 
a train was from five to twenty. 

3. All the carriages were covered, the proportion of those lubricated with oil being from 7 to 
50 per cent. 

4. The inclination of the line varied from 0*75 to 10 millimetres, and the minimum radius of 
the curves was 700 metres. 

With respect to the results, wo may state the following limits ; — 

1. The force of traction has varied from 505 to 1400 kilogrammes for a single engine. 

2. The absolute force per carriage has varied from 32 to 131 kilogrammes, and the absolute 
force a ton from 5 k * 08 to 20 k * 39. 

3. The force corrected for gravity has varied ; — 

A carriage from 21 to 131 kilogrammes. 

A ton from 3*75 to 20*26 „ 

Table IX. gives the coefficients for long trains. The number of carriages was from fourteen to 
seventeen. The following is the value of the mean coefficients ; — 

For V = 45 k /=5 k -98 

„ V = 52 k /s6t‘53 

„ V = G0* / = 8 k *05 

Table X. is for short trains. The number of carriages was eight to ten. The following ia tho 
value of the mean coefficients ; — 

For V = 46* /= 7**21 

„ V = 58 k /= 9 k *57 

„ V = 76 k /= 14 k -55 

The last coefficient is for an express train, the carriages of which offer a greater surface to the 
air than those of ordinary trains. This cause combined with the increased speed to augmeut the 
coefficient. 
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i < 3 millimotrea. 



Number 

Designation of the Train. | of Car- 
riages. 



85. 


April 27, 


1862 


14 


36. 


May 26, 


1862 j 


17 


40 26. 


April 28, 


1866 | 


17 


44. 


June 8, 


1866 


17 


35. 


April 27, 


1862 


14 


85. 


May 1, 


1862 


16 


36. 


May 6, 


1862 


17 


35. 


May 7, 


1862 1 


16 


40*23. 


April 28, 


1866 


17 


35. 


June 4, 


1866 


17 


30. 


April 30, 


1862 


15 


35. 


Nov. 19, 


1864 


17 


35. 


June 4, 


1866 


17 



Table IX. — Passenger Train*. 

R > 1000 metres. t > 0°. n > 10. Calm weather. 



Gross 

Weight. 



Propor- | 
tlon of 

Carriages T«npe- 
lubri- I rilure. 
catfd i 

with Oil. i 



Speed 



Mean IWjt ' 
of the 

100 0,1 
Speeds. #L( . veL 



of the 
Hoist. 



Resist- 
ance a 



rtage. 



tons. 

90 

101 

101 

107 

90 

101 

101 

106 

101 

105 

I 91 
i 98 
! 105 



per ioo. 



30 

17 



30 



Mean 
of the 
Resist- 
ances a 
car- 
riage. 




37 



40 



Table X. — Passenger Trains. 



» > 3 millimetres. R > 1000 metres, t > 0°. n > 10. Calm weather. 



Designation of the Train. , 


Number 
j of Car- 
| riagea. 


1 Gro m 
| Weight. 


Propor- 
tion of 
Carriages 
lubricated 

with Oil. 


Tempe- 

rature, 


Speed 

an 

hour. 


Mean 
of the 
Speeds. 


Reaiat> 
ance a 
ton on a 
Levtl. 


“X l * , “" r-- 

filter 

ana*. ““'“S'- 


Mean 
of the 
Re- 
sist- 
ance*. 








tons. 


per 100. 


o 


idioms. 


idioms. 


1 kiln. 


1 kils. ( klU. 




ktla 


40-33. April 24, 


1806 


8 


50 


25 


+ 17 


45 






7*44 


(i 45 1 






•40*35. April 26, 


1866 


9 


56 


44 


20 


41 




46 


1 7*27 


7*2l| 4 ® ^ 

J 44 I 




44 


2*16. June 6, 


1866 


10 


58 


30 


23 


! 46. 1 




7*56 




2*16. June 7, 


1806 


10 


62 


30 


27 


51 J 






6*59 


( 41 | 






40*35. April 24, 


1866 


8 


50 


25 


17 


65 j 






9-80 


(; 58 j 






40*32. April 25, 


1866 


9 


55 


33 


15 


60 




58 


9*80 


9-57C 55 




56 


2*16. June 5, 


1866 


10 


61 


10 


23 


oil 






9*80 


( 60 | 






33. March 14, 


1866 


8 


53 




2 


76 


j 


76 


14*55 


14*55 96 




96 



Table XI.— Passenger Trains. 



Trains of difficult Traction from various causes. 











Propor- 




Resistance 




Designation of the Train. 


Number 
of Car- 
riag«L 


Grots 


Atmospheric 


1 tlon of 
Carriages 
lubricated 


Speed 


corrected 


Observation*. 


Weight 


Circumstances. 


hour. 


a tun. 










with Oil. 


I 


riage. 








tuna. 




per 100. 


kib-ms. 


kil*. 


klb. 




31. Dec. 21, 1865 


12 


65 


T = 4- 5° 


55 


11*80 


66 


All the trains of 


31. Dec. 21, 1865 


12 


65 


T = + 5° 




48 


11*40 


66 


this Table bavo 


32. March 12, 1866 


1 

1 12 


79 


j Dry ; a little \ 
\wind ,* T = + 8°J 


33 


51 


9-35 


63 


been subject to 
the following 


32. March 15, 1866 


12 


72 


( Dry ; a little \ 
\wind; T -f = 8-/ 


25 ; 


43 


11*40 


68 j 


conditions ; — 


36. l)ec. 10, 1862 


20 


72 


j Wind and wet ; \ 
\ T = + V ) 


J 


43 


9-35 


54 


i<3 millimetres. 


20. Aug. 3, 1866 


12 


116 


/ A little wind; \ 
\ drv ; T = + 24°/ 


42 j 


45 


10*19 


61 


R > 100 metres. 
t > 0*. 
n> 10°. 


40*35. April 24,' 1866 


12 


73 


!/ Windy and 1 
\ dry; T = + 17°/ 


17 


45 

i 


12*21 


71 










, Means 


47 

1 


10 *84 ( 


64 
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Passenger Trains of Difficult Traction . — In Table XI. we have brought together several trains 
which offered extraordinary difficulties with regard to traction, either on account of the wind, or of 
very imperfect lubrication of the parts liable to friction. This Table applies to trains having 
more tlwn ten carriages: it gives the mean coefficient of 10 k -84 for a mean speed of 47 kilometres 
an hour. The three Tables, IX., X„ and XL, have been extracted from the general Tables. 

Resistance of Trains at Starting. — Hitherto we have been considering the resistance of trains in 
motion ; wo have now to consider the resistance offered at starting. In this case, the greatest 
force exerted by the engine upon the couplings to overcome the inertia of the train corresponds to 
the greatest ordinate given by the dynamometrical curve. Tables XII. and XIII. contain tho 
results of a large number of experiments mode with l>oth passenger and goods trains. 



Table XII.— Resistance of Passenger Trains at Starting. 



Designation of the Train. 


Onwa 

Weight. 


Number 
of Car- 
riage. 


Propor- 
tion of 
Carriage* 
lubricated 
with OIL 


Tempo- 

raturc. 


Force nrce*»ary to put 
the Train in motion 


Observational 


Total. 


a ton. 


a car- 
riage. 




tons. 




per 100. 


o 


kill. 


kila. 


kli*. 




17. April 11, 1804 


52 


10 


.. 


+ 15 


1230 


24 


123 




34. April 27, 1804 


63 


11 


.. 


+ 13 


1150 


18 


104 




35. Nov. 17, 1804 


82 


14 


„ 


+ 8 


2000 


24 


143 




31. Nnv. 21, 1864 


8.5 


18 


.. 


+ 8 


1920 


23 


107 




31. May 4, 1805 


70 


12 


8 


+27 


1880 


26 


156 




2 10. July 20, 1805 


78 


12 




+20 


1850 


24 


154 




1-43. July 19, 1865 


64 


10 


fo 


+ 17 


1140 


18 


114 


Engines with free 


2-43. July 19, 1865 


83 


13 




+ 17 


1580 


19 


121 


wheels. 


216. July 21, 1805 


97 


15 


7 


+20 


1900 


20 


130 




2-43. July 21, 1805 


77 


13 


15 


+20 


1810 


24 


139 




1-88. July 21, 1865 


40 


7 






1160 


29 


166 


Ditto. 


31. Deo. 21, 1805 


73 


14 




+ 5 


2150 


29 


153 




32. March 12. I860 


79 


12 


33 


+ 8 


1840 


23 


153 




33. March 13, I860 


52 


8 




+ « 


1080 


21 


135 


Ditto. 


32. March 13, 1800 


88 


14 


28 


+ 7 


1730 


20 


124 




33. March 14. 1800 


53 


8 




+ 2 


1090 


21 


136 


Ditto. 


32. March 14, 1800 


78 


12 


25 


+ 6 


1280 


16 


100 




33. March 15, 1800 


52 


8 




+ 2 


1350 


26 


169 


Ditto. 


32. March 15, 1860 


72 


12 


25 


+ 8 


1900 


26 


158 




40-35. April 24, 1806 


70 


12 


10 


+ 17 


1700 


24 


141 




40-32. April 25, 1800 


55 


9 


33 


+ 15 


1320 


24 


147 




40-35. April 20, 1806 


56 


9 


« 


+20 


1200 


21 


133 


The mean a ton is 


40-34. April 27, 1800 


81 


14 


20 


+26 


2100 


26 


150 


= 22; the mean 


40-23. April 28, 18G6 


101 


17 


30 


+ 24 


1800 


18 


105 


a carriage =134. 


41-20. April 28, 1806 


67 


11 




+20 


1320 


20 


120 




40-26. April 28, 1866 


101 


17 


30 


+ 20 


1050 


16 


97 




35. June 4, 1800 


105 


17 


.. 


+ 19 


1650 


16 


97 




2-13. June 5, 1806 


49 


9 


11 


+20 


1500 


30 


166 




2 16. June 5, 1800 


61 


10 


10 


+23 


1700 


28 


170 




2-43. June 0, I860 


68 


11 


9 


+ 18 


1430 


21 


130 




2 16. June 6, 1800 


58 


10 


30 


+23 


1330 


23 


133 




1*16. June 7 t 1800 


53 


10 


10 


+ 25 


1750 


33 


175 




44. Juno 8, 1806 


107 


17 


17 


+25 


2000 


17 


117 


Engines with free 


















wheels. 



Note , — Tho line is level, or inclined less thnn 1 millimetre. 



It will be seen from Table XIII. that tho mean force required was 13 kilogrammes a ton. 
For very long trains, a force of 8, and in some canes 6, kilogrammes only was sufficient to put the 
train in motion, a circumstance which is explained by the fact that the carriages of a train start 
each in succession, and not simultaneously. The mean force requisite for passenger trains was 
22 kilogrammes a ton, or about 134 kilogrammes a carriage. It must be remembered that these 
figures refer only to instances when the start has been gently accomplished ; when the train is put 
in motion in an abrupt manner a considerably greater force is exerted. 

Generally, it may be stated that passenger trains require a force nearly twice as great as that 
necessary for goods trains. The causes of this are the tight coupling of the former, and tho 
necessity of getting the train sooner into rapid motion. 

Analysis of the Resistance of Engines . — A series of experiments were undertaken to determine 
separately the portion of the wholo resistance due— 

1. To the rolling of engines considered as mere vehicles; 

2. To tho friction of the side connecting-rods; 

3. To the friction of the pistonB, connecting-rods, and crosa-hcads. 
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Table XIII. — Remstanot of Goods Trails at Startr?o. 



Designation of the Train. 


} Oro«« 
Weight. 


! No. of 
| Trucks 

4c. 


Proportion of 
I Truck* lubri- 
cate! with OIL 

1 


1 

Tempera- 

ture. 


j Force required to put 
1 tbo Train in motion 


| Ob’*; rv* Ilona. 


[ Total. 


1 a ton. 




tuft*. 




pur 100. 


o 


WN. 


1 uu. 1 




91. March 17, 1864 


100 


25 


.. 


+ 2 


2800 


11 




78. March 17, 1884 


478 


47 




+ 14 


5220 


11 


Double traction. 


88. Mardi 18, 18114 


241 


29 




+ 12 


3270 


11 




89. March 18, 1804 


204 


38 


8 


+ 11 


3560 


13 




83. April 6, 1804 


302 


51 






4020 


13 




81. April 11, 1884 


254 


43 


5 


+ ia 


3880 


15 




78. April 12, 1884 ; 


300 


28 


3 


+ 12 


3740 


13 




91. April 13, 1864 


338 


40 




+ 7 


3550 


19 




78. April 13, 1864 1 


534 


55 




+ 19 


6600 


12 


Double traction. 


89, April 14, 1864 


267 


43 


9 


+ 8 


3720 


14 




88. April 14, 1864 


322 


38 




+ 19 


4020 


14 




40-69. April 28, 1864 


278 


35 


8 


+ 20 


3310 


12 




66. April 15, 1864 


204 1 


29 




+20 


3500 


13 




40 -62. April 28, 1804 


511 


00 




+ 18 


3160 


6 


Double traction. 


40 09. April 29, 1804 


184 


81 






3090 


17 




81. June 17, 1864 


336 ! 


55 




+21 


4400 


13 




1-67. Jane 20. 1864 | 


334 , 


40 


i i 




5550 


17 




1 -68. .Tune 20 , 1864 


245 


32 


8 




8060 


12 




1*68. June 21, 1804 


304 . 


33 


15 




3750 


12 




164. Juno 22, 1864 


298 


45 






4800 


16 


• 


107. July 0, 1804 


209 | 


41 


12 


+ io 


3010 


11 




1 -70. July 7, 1864 


*12 


30 


13 




4100 


15 




108. July 8, 1804 


293 


29 


6 




4310 


14 




1-67. July 26, 1861 


170 


28 


15 




8020 


18 




75. Ang. 31, 1801 


297 


41 


7 


+20 


2880 j 


10 




66. All-. 31, 1864 


832 


34 


25 




:ii50 


10 i 




81. Sept. 1, 1864 


315 


52 


7 


+25 


2620 


8 


Engine, type 20. 


75. Feb. 13, 1865 


175 j 


38 


25 


— 3 


2390 


14 




61. Feb. 14, 1865 


206 ! 


39 


10 


- 8 


2510 


12 




78. Feb. 14, 1865 


183 ' 


22 


10 


- 1 


3060 


16 




2 65. July 20, 1865 


255 


85 


20 


+20 


3250 


13 




2 05. July 21, 1865 


! 259 


39 


30 


+25 


3440 


13 




74. Jan. 9, 1867 


370 


41 






4080 


j 11 




1-64. Jan. 14, 1867 


204 


21 






3620 


18 










- 




Mean 


18 





Note . — Tho line is level, or inclined less than 1 millimetre. 



To accomplish this, on engine having its steam up and being properly oiled was drawn, wifAout 
a tauter, behind the dynamometer car. 

The results of these experiments are given in Table XIV. 

1. For a mixed engine in full gear, but without tender, 

V = 28 k / = 9* ’GO 

For a goods engine in full gear, but without tender, 

V = 2 S' /= 12* '20 

2. It is impossible to draw any conclusion from the reduction of the resistance due to the sup- 
pression of the side connecting-rods ; and, indeed, we sec that the resistance has been greater on 
several occasions when the side connecting-rods were suppressed than when tho engine was in full 
Rear. The difference in these cases must be attributed to the condition of the lubricated parts. 
Hut a great influence from the connection of tho wheels was not to lie expected, seeing that tho 
experiments were made on a straight piece of line, and that the tire was very round. 

3. The influence of the pistons, connecting-rods, and cross-heads was, however, clearly shown. 
For mixed or goods engines, the resistance of these parts is about 48 per cent, of the whole resist- 
ance of the engino in full gear. 

It must be remembered that these results refer only to engines which are not working. If tho 
engine iB at work, its parts are subject to totally different pressures, and the resistance is changed 
in a like degree. (8oe Note* D and H.) 

From Table XIV. we find the resistance of engines reduced to the condition of mere vehicles 
by putting out of gear the driving and side connecting-rods. The mean of this resistance is 5 k *22 
for mixed engines at a speed of 28 to 35 kilometres, and 6 k • 15 for goods ongines at a speed of 24 to 
27 kilometres. For engine* with four axles coupled (out of gear), at a speed of 6 hi 10 kilometre*, 
we find / = 11 kilogrammes. 

In this kind of engine the resistance due to the mechanism is also about half the total resist- 
ance. These powerful engines when moving at a low rate of speed offer a resistance much greater 

4 Q 
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than that of other engines, because there is in their mechanism a larger surface subject to friction, 
the weight of their parts is greater, and their wheels are smaller. 

Causes which may Influence the Coefficients of Jicsistancc in Carriages , — As we did in the case of 
engines, so in the case of carriages wo have endeavoured to discover the various causes which may 
influonoo the coefficients of resistance. On a level, and in a straight line, this resistance is com- 
posed of two elements ; — 

1. The friction of the wheels; 

2. The resistance due to the atmosphere. 

If the rate of sjxcd is very low, the second element disappears. 

Neglecting, therefore, the resistance duo to the atmosphere, wc hnve considered the influence 
of lubrication, of the diameter of the journals, and of the extent of the surface subject to friction. 



Making R the resistance of a vehicle ; 

p its weight, minus the wheels; 
p ' the weight of the wheels ; 
d the diameter of the journals ; 

1) the diameter of the wheels ; 

f the coefficient of rolling at the circumference ; 

f the coefficient of tho friction of tho journal upon its bearings ; 

wo have 

r = c p+jo/'+j’/"*!- ra 



Friction in an Oil-box. — In the Table of the mean resistance of the carriage moving at different 
velocities, we saw that for a covered carriage lubricated with oil, the mean resistance R = 11 kilo- 
grammes (p + p' = 5500 kilogrammes), ut a speed of 1 to 5 kilometres. 

At this rate of speed, the resistance of the air may be neglected, and wo may state 
11 = 5500 x 0 001 + 3900 x 0*075/". [E] 

(In the rolling stock of the Eastern Company, upon whose line the experiments were made, 
D = 1 metre, d — 0 m *075, and /' is admitted to be = 0*001.) 

From [E] we deduce r = 0*018. 

This is the coefficient of friction in an oil-box, where tho lubrication is continuous, at a low 
rate of speed. 

Friction m a Grease-box . — From tho special experiments made in 1802, the mean of the ratios 
between the traction of a carriage lubricated with oil and that of a carriage lubricated with grease 
was found to he 1 * 35. 

Equation [E] therefore becomes 11 X 1*35 = 5500 x 0*001 + 3900 X 0*075 /"; when we 
deduce /" = 0*032. 

Friction for a Whole Train. — Taking, in our experiments, trains made up chiefly of carriages 
lubricated with oil, and moving at a rate of speed not exceeding 20 kilometres, the results obtained 
were the following ; — 



(/• = 0 001.) 




Experiment No. 189, / = 2 k ’7, 


whence f 


„ 188, /=2 k -4, 

„ 106, / = 2‘ 7, 


„ r 

f 


„ 167, / = 2‘-6, 


„ 169, / = 2‘-3, 


„ r 


„ 172, /=2 k -2, 


„ r 



0*026 
0 021 
0*026 
0 025 
0*020 
0*019 



For a train having only 10 per cent, of carriages lubricated with oil, we have 
Experiment No. 99, / = 3 k *l, whenco /" = 0*034. 



/**, the friction of the journals, is calculated by means of equation [E], in which It = / x Q ; 
G being the gross weight of a carriage expressed in tons. 

influence of the Load u/ton the Friction of the Journals. — The mean gross weight of the carriages 
on which the experiments were made differed widely, yet the coefficients f remained nearly tho 
same, from which wo conclude that tho friction of the journals is independent of tho load, so long 
as the wheels turn freely, and the influence of curves nnd of the atmosphere is absent. 

Friction in the Foxes of a Tender. — For a tender weighing 19,000 kilogrammes, moving at a speed 
of 25 to 30 kilometres, it was found that f* — 0*043. (Grease-boxes.) 

Friction in the Hoses of an Engine, — For an engine of the types 14 and 15, weighing 30,000 kilo- 
grammes, at a speed of 25 to 30 kilometres, f ' — 0*052. (Lubricated with oil, and the mechanism 
out of gear.) 

Pressure a Square Centimetre of Surface subject to Friction.— Calculating the pressure from tho 
foregoing figures, we find 

For carriages loaded with 10 tons 17* *90 

„ engines 13**20 

,, a carriage loaded with 5 tons 11* *90 

Influence of the Extent of Surface on the Friction of the Journals. — For carriages, the mean surface 
subject to friction is, per journal, 188 square centimetres ; for engines (types 14 and 15) it is 452 
centimetres ; there is, therefore, in this respect, a great difference between carriages and engines. 

Now, for carriages, we found .. .. f* — 0*018 

And for engines f = 0*053 

4 q 2 
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The ratio of those coefficients gives ~ = O' 33. The name valne is obtained by raising the 
4 

ratio of the surfaces to the power There Is, therefore, an advantage, from the point of view of 

traction, in reducing to its minimum the Burfaco subject to friction: taking care, of course, that 
tho journals have sufficient dimensions to prevent their brooking, and to allow the wheels to turn 
freely. 

This double consideration, the reduction of the dimensions and the resistance of the journals, 
has led to the construction of cast-steel axles. The results have, however, not been satisfactory ; 
cast steel is brittle ; Bessemer steel which is softer thau cast steel, and of greater resisting power 
than iron, would no doubt offer greater advantages. 

Friction on the Journals of Carriages at Starting . — We have already seen that the resistance of a 
carriage lubricated with oil, is at starting 48 kilogrammes (8 k 70 a ton). The equation thus 
gives f — 0*145 for tho friction of tho journals at starting. Experiments have shown us 
(Table XIII.) that this coefficient is nearly the same when the lubrication is effected by means 
of grease. Until the train has moved a distance of some 50 tnHrea, the advantage of oil is not 
npjiarcnt, especially if the temperature is much above 0°. This is no doubt owing to the fluidity 
of the oil which in some degree runs from the surfaces subject to friction while the train is 
stationary. 

Table XV. — Friction on the Journals of Carriages. 



R > 1000 metres. T > 10°; no wind. 



Number of the Experiment 


Proportion of 
G»rrU«e* lubrl- 
iat<sl with tHl. 


Speed an 
hour. 


Ot-ffident of U»e 
total Friction. 


t’oeffldrnt of the 
Friction on llic 
Journal*. 


OroM Wright 
a carriage.. 


No. 


3, Table A .. .. 


per 100. 


kilixus. 

19 


0 0031 


0 035 


kn<««. 

8,250 




10 




A .. .. 




20 


0 0031 


0 032 


10,700 




40 




I) .. .. 




25 


0 0031 


oo:n 


10,900 




42 




B .. .. 




31 


0 0029 


0 030 


10,730 




50 




H .. .. 




33 


0 0034 


0 038 


10,300 


n 


99 


„ 


c .. .. 




22 


0 0031 


0*034 


9,420 




100 




c .. .. 


8 


23 


0 0030 


0 033 


7.950 




102 




c .. .. 




26 


0 0032 


0 036 


8,480 


w 


103 




c .. .. 




17 


0 0028 


0 033 


5,940 




105 




0 .. .. 




17 


0 0032 


0 039 


6,120 




100 




c .. .. 




10 


0 0029 


0*035 


6,030 




115 




D .. .. 




19 


0 0031 


0 036 


6,280 




139 




1) .. .. 




15 


0 0033 


0 038 


7,900 




150 




D .. .. 


ii 


17 


0 0031 


0*033 


9,750 




152 




I) .. .. 


ii 


19 


0 0026 


0 026 


9,420 


„ 


154 




E .. .. 


7 


15 


0*0031 


0 037 


6,300 




156 




K .. .. 


7 


16 


0 0031 


0 038 


5,920 




163 


>» 


E .. .. 


20 


15 


0 0031 


0 036 


7.250 










Means .. 


20 


00031 


0 035 


•• 



Influence of the Temperature on the Resistance . — In the case of trains lubricated with oil, the 
influence of the temperature is not appreciable. The advantage possessed by oil over grease, to 
which we have already called attention, is for a moderate temperature; in winter this advantage 
is greater. Tho addition of a smnll quantity of |M>troleum to the ordinary oil prevents congealn- 
tion in the lowest temperature to which our climate is liable. 

Table XVI. shows tho influence of teni|>omtur6 on the resistance of trains lubricated with 
grease: it divides into two scries, trains having only 10 per cent, of oil-boxes and offering tho 
same circumstances of line, load and speed, in calm weather. 



1st series. Temperature from 0° to 
2nd series. „ 

For low temperatures the increase is 50 per 
cent. 

Influence of Inclines on the Resistance . — The 
equation [E] supposes the line to be straight 
and level ; for an incline, making an angle a 
with the horizon, it becomes 

Within the limits of inclines existing on 
railways, com. a differs but little from unity, 
and sin. a may be replaced by tan. a, Fig. 2610. Putting » for the value of tan. a, in millimetres, 
we have as the resistance of a carriage moving in a straight line and on an incline, 




R = cos. a 



((P+p')f + Pf + (;>+ />') »in. «. 



K = ( p + p‘) r + pf g + ( P + p') i, 



[F] 



or R = (*> + ?■)/ + (/> + )>")>'. 
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Tabus XVI. — Ixtlvknce of Frost. 

Wind, hardly perceptible. Speed, 25 kilometres an hour. 



N traitor 
of the 
Experi- 
ment. 


Proportion of 
Curriagv* 
lubricated 
with on. 


Temperature. ; 

; 


Least Radius of tlie j 
Cum*. I 


Grow ^ 
Weight a 1 
carriage. 


Speed 

an 

hour. 


Coefficient 

of 

Traction. 


Observation*. 




per lot). 


o 


metre*. 


HI logs. 


Hi lorn*. 


kllogs. 




36 


3 


— 2 


1500 1 


0730 


25 


4'88 . 


It will be seen that 


37 


3 


- 1 


1000 


GK50 


27 


5-37 


these? two series of 


43 


about 10 


— 3 


straight 


7000 


26 , 


4-09 


trains have, with 


44 


„ 10 


-3 


1500 


7000 


25 


4*76 


tho exception of 


45 


„ 10 


-2 1 


1000 


7000 


25 


5*23 


temperature, been 


100 


„ 1U 


-3 1 


straight 


5280 


[ 20 


6*40 


subject to similar 
















conditions. 








Means .. 


0940 


26 


5 22 




100 


8 


+ 20 


12(H) | 


7950 


23 


304 




115 


about 10 


1 ut least 15 


ut least 1000 


; 0280 


19 


1 3*12 




140 


„ 10 


+ 15 


straight 


7920 


23 


3-70 




141 


7 


+ 20 


2000 


1 7280 


27 


3*83 




114 


about 10 


at least 15 


:it leant 1000 


6350 


26 


1 3-70 




140 


7 


4- 20 


1000 


, 0820 


30 


3*41 










Means 


I 7100 


25 


i 3*47 





Former experiments showed R to be considerably less than the value given by the equation [F]. 
The results of our labours enable us to assert that this equation is rigorously exact. 

Table XVII., which is made up of trains subject to the same conditions of loading, lubrication, 
curves, and atmosphere, places the matter beyond a doubt. 

Table XVII. — 1st series. Mean inclination, l mm *4G; we have / = 318 
2nd „ „ 4—44 „ / = 2117 

3rd „ „ p'»»*50 „ / = 3*25 

The value of / was calculated by tho equations [F], R being given by experiment. It will bo 
seen that tho coefficient of resistance does not decrease when the inclination increases. 

4th series. Mean inclination, 5™™*18; wc have / = 3*39 
5th „ „ 9—25 „ / = 3*96 

Wo find rather an increase for tho greater incline. 

6th series. Mean inclination, 16™""- 79; we have / = 2 -56 
7th „ „ 2—05 „ / = 3'40 

But hero wo must remark that tho trains of the 7th series woro furnished with fewor oil-boxes, 
that they were twice the length, and moved at twice the speed of those of the Gth series. 

Wo may therefore conclude Unit, ujion an incline, the coefficient of resistance a ton is found 
by adding to the coefficient on a level, obtained under the same circumstances, as mauy kilo- 
grammes as there are thousandths in the inclination. 

This law is rigorously true, and if the conclusions of some who have considered the subject 
havo been opposed to it, it is probably l>ocausc they havo not made their experiments under 
identical circumstances of speed and length of train. 

Influence of the Length of a Train on the Resistance. — In passenger trains moving nt rates of speed 
greater than 40 kilometres an hour, tho resistance of the air forms an important part of the whole 
resistance. The action of the air is greater upon the first carriage than upon the others, whence 
it follows that the resistance per carriage decreases as the length of the train increases. This fact 
is verified in Tables IX. and X. When the radii of the curves are much below 1000 metres, this 
law will not hold good, because the iufluenco of the air will be destroyed by that of the curve. 

The length of goods trains may vary within much wider limits thau those imposed on passenger 
trains. In a straight line, or on a curve of a very long radius, the length has no apprccialde 
influence. And, as a fact, it was found that the coefficients for trains of 50 or GO trucks were very 
small. But if tho radius of the curve is less than 1000 metres, an increase of length causes an 
increase of resistance. It must be remembered that in this case the resistance of the air is not the 
only retarding force to ho considered. There is an additional friction on the tire, caused by the 
direction of the force of traction not coinciding with the axis of the carriages. 

Influence of Curvet on the Hex is tarns . — The gauge, or normal breadth of the line on the Chemin 
(lc fer de CEst is fixed nt l ro *447 of clear space between the rails. This allows a cnrringe-axle to 
run upon a curve having a radius of 444 metres, without sliding or friction of the llanges. In the 
case of passenger trains composed of 10 to 20 carriages and moving at a rate of speed of 35 to 
50 kilometres an hour, we were unable to discover the smallest influence. It is true that the 
shortest radii of the curves on which our experiments were made were of 800 metres. At a rate 
of Hjieed exceeding 50 kilometres, tho influence of tlic curve became apparent. In train 31, 
Table II, experiments 00 and 01, this influence was 5 per 100. 
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Table XVII. — Influence op Inclines on the Coefficient of Resistance. 



Speed, 15 to 25 kilometres an hour. Wind, hardly perceptible. 



Number 
of da 


Inclination 


Radios of the 


Speed 1 


Number 


Proportion of 
Carriages 


Absolute 


Force a ton. 


Observations. 


tipCTl- 
meat 1 


of Lite Line. , 


Curves. 




an hour. 

| 


Carriages 


lubricated 
with OIL 


4 orce a ton. 


corrected. 




millimetres. 1 


mitres. 




kiioma. 




per 100 . 


kliopn. 


kiluga. 




105 | 

150 


0-43 | 
250 


} 1000 j 


r 

l! 


17 

17 


55 

34 


ii 


3-65 i 
, 5*64 


3*22 

3*14 


| First series. 


Mean .. 


1*46 ; 


1000 


17 


44 


1 - 


404 


318 




154 


3*50 


\ 




15 


51 


7 ! 


6*65 


3*15 




152 


3-50 






19 


32 


ii 


615 


2*65 




3 

103 


600 

5-70 


I 1000 1 


1 

| 


19 

17 


26 

31 


•• 


910 

8*55 


310 

2*85 


Second series. 


106 


3*50 






10 


54 




G-45 


2-95 




its 


4-50 


1 




19 


49 


•• 


7*82 


1 312 




Mean .. 


| 4-44 


1000 


16 


41 


1 - 


| 7-47 


2-97 




139 

163 


| 9-00 

1000 


J 1000 | 


1 

15 


1 40 
! 35 


20 


1 12*35 
| 13*15 


1 3*35 1 
3*15 


| Third series. 


Mean .♦ 


9'50 


1000 




15 


38 




j 17-75 


| 3*25 




Ill 


570 




/ 


20 


36 


8 


9-87 


4*17 




113 


5(ki 






17 


32 


8 


10*13 


4-47 




134 


5-70 






15 


35 


6 


9-44 


3-74 




138 


5 -66 


700 
to | 
800 




20 


31 




900 


3*34 




165 

167 


4*42 

500 




17 

13 


38 

38 


76 

70 


7*65 

7*56 


2*23 

2*56 


Fourth scries. 


168 


4-84 




19 


35 


50 


785 


3*01 




17G 


4-80 






17 


44 


36 


7*55 


2*75 




181 


1 5 00 






16 


40 


so 


8-56 


3*56 | 




177 


500 






16 


44 


36 


805 


3*05 1 

i 




Mean .. 


518 


7 to 800 


17 


37 


- 


8*57 


i 3*39 




107 


1 9-25 


| 700 


i 


20 


46 


11 


13*45 


4*20 


j 


137 


9- 25 1 


| to 




15 


28 


18 


13*72 


4-47 


> Fifth scries. 


184-185 


9-25 | 


) 800 


1 


16 


33 


42 


12*47 


3 22 


1 


Mean .. 


9-25 


7 to 800 


17 


36 




13*21 i 


3-96 1 




186 


15*00 | 


) 400 
| to 
| GOO 


f 


16 


12 


66 


17*60 l 


2*60 


i 


187 

188 i 


16*89 

19*80 




12 

10 


12 

12 


66 

66 | 


19*42 ' 
22*18 | 


2*68 

2*88 


/ Sixth series. 


189 | 


15-50 | 




17 


16 


100 


18*24 1 


2*74 


J 


Mean .. ; 


16-79 


4 to 000 


1 


14 


13 


74 | 


19*35 


2*56 




123 


2-40 i 


) 400 | 
to 

1 COO 


• 


25 


:to 


13 


5*58 j 


3*18 


j 


124 

125 


1*40 

3*50 




29 

21 


30 

30 


13 

13 


5*23 i 
7*10 i 


8*83 

8*80 


/ Seventh scries. 


126 


0*90 




21 


30 


13 


3-90 | 


3*00 


J 


Mean .. | 


2 05 


4 to COO 


26 


30 j 


13 


5*45 j 

| 


3*40 | 





Table XVIII. shows the influence of curves upon goods trains. The mean speed (20 to 30 kilo- 
metres) and the mean number of vehicles (26 to 56) were about the some for the different trains. 
The following are the results 

1. When the length of the curves met with in a given distanco is less than 20 per 100 / = 4 k *43 

2. When the length of the curves in the given distance is between 20 and 50 per 100 / = 4* ‘76 

3. When the length of the curves is greater than 50 per 100 / = 5 k * 12 

We have considered the line as straight when the radius of the curve has been greater than 
2000 metres. The radii of the other curves were between 1000 and 2000 metres. It is shown, 
therefore, that cnrvcs of a long radius exert a sensible influence upon goods trains. 
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Our experiments havo shown ua that if we denote the coefficient of resistance a ton in a 
straight line by /, 

The coefficient on a curve of 1000 mbtres will be / + 1 

And „ „ 800 „ /+1-50 

In finance of the Condition of the Permanent Way upon the Resistance . — The rails upon which the 
greater part of our experiments were made arc 6 metres in longth, ami the joints are covered with 
plates. When the condition of the permanent way is not good, when, for example, it is near the 
time for repairs, the train is subject to more or less violent shocks according to the rate of speed. 
A case of this kind occurred to the express trains No. 33 of the 13th to the 16th March, 1865, Paris 
to Strast»ourg. The way was in a bad state from the kilometre-post 96 to post 115. Comparing the 
force and the speed on this section of the line with the force and speed in an adjoining section 
which was in a good condition, offering the same circumstance of curve, wi. from post 74 to post 84, 
we find for the way in a bad condition ; — 



1. Train 33, March 13, for V = 67* 

2. „ „ 14, for V = 59 k 

3. „ „ 15, forV = 67* 



= 112 “ 
= 100 “ 
= 125* 



Mean .. .. V = G4 k and f as 112 k a carriage. 

And for the way in a good condition ; — 

1. Train 33, March 13, for V = 72 k / = 115 k 

2. „ „ 14, for V = 75 k \ / = 95* 

3. „ „ 15, for V =s 77* / = 132* 

Mean .. .. V = 75* and /= 114* a carriage. 



Thus, it may be stated that, on account of the bad condition of the permanent way, the speed was 
reduced from 75 to 64 kilometres without any reduction of force. The increased resistance was due 
to shocks and a certain amount of friction on the flanges. 

Influence of the Coupling on the Resistance . — The force required to start a train and the resistance 
on curves of small radii are influenced by the degree of tension given to the couplings. In goods 
trains, the couplings being usually loose, tho trucks are put in motion one after another, ami con- 
sequently the whole train is sturted with a smaller expenditure of force than in the easo in which 
the engine has to overcome the inertia of the whole train at once. In passenger trains the couplings 
are made very tight to prevent oscillation when in rapid motion, and our experiments in these cases 
have shown that a 'considerably greater force was required at starting than in the preceding case. 
Figs. 2600, 2601, give two dynamometrical curves from which tho difference of foroo required to 
start a train, caused by the mode of coupling, may be clearly seen ; — 

1. For the goods train 75, February 13, 1865; 

2. For the passenger train (2) 16, June 5, 1866. 



Influence of the Speed; Resistance of the Air . — Tho greater the spood, the greater is the resist- 
ance of the air. The oscillation of the carriage*, alsn, increases with the speed, especially upon 
curves, and tho friction of the tire becomes in a proportionate degree greater. Consequently, the 
resistance of trains generally must depend in a great measure upon the speed. 

1. Passenger Trains . — Our experiments upon short passenger trains give 



For V = 39 k f — 6**54, or about 40* a carriage. 

n V = 46* /= 7*21, „ 44* 

M V = 58* /= 9 * *57, „ 58* „ 

* V =2 76* /= 14* 55, „ 96* 



Fig. 2601 givea the curvo representing the law of the resistance according to tho velocity. Tho 
flame figure gives the curve of the resistance for trains com]****! of more than 10 carriages. It will 
be seen that the law of increase of the ordinates in function of the abscissa?, which represent the 
velocities, is less rapid. We will give four points of this curvo ; — 



For V = 35* .. . 


fc. 

o 

&' 

*rt 

II 


abont 35* 


„ V = 4S» .. 


.. .. /=5*-98, 


„ 37* 


„ V = 52‘ .. 


.. .. /= 6*53, 


„ 


„ V = 60‘ .. 


.. .. /=8*05, 


„ 48* 



2. Goods Trains . — The nature and length of goods trains being very variable, it is much more 
difficult to ascertain the influence of the speed. By referring to Table XVIII. it will bo seen that 
the resistance increases by about 1 or 2 per 100 for an increase of speed of 1 kilometre within the 
limits of 20 to 30 kilometres an hour. (Bee Note G.) 

3. Mixed Trains . — We find 



For V = 40* /= 4 * C7 

„ V = 50* / = 5* ’60 

These coefficients are considerably smaller than thoso for passenger trains. This is because tho 
paying load is much greater in mixed trains, and because the resistance of the air has much less 
influence on tho coefficient of resistance a ton gross weight. 
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Influence of the External or Atmospheric Wind . — Besides tho resistance of the air, we have tliat 
dne to the atmospheric wind. 

Train No. 9, August 18, 18G0 (from Paris to Chfttettu-Thicrry, Figs. 2611, 2612), and train 20, 
of the some day (from Chiiteau-Thiorry to Paris), composed of the same carriages, and moving in 
the same atmospheric circumstances between 10 o'clock in the morning and 5 o’clock in the after- 
noon, were both experimented on by means of the dynamometer car. 

Tho direction from Paris to Chkteau-Thierry is shown below, opposite the direction of the wind 
observed during the journey. The line winds a little, but if we consider the whole of the journey, 
it will be seen that the train had, on going, the wind nearly behind, and, on returning, the wind 
was of course a head-wind. 




Tho absolute velocity of tho wind was determined by two observations made, by tho compass 
and vane, within a few minutes of each other. The first was made in the station at Chateau- 
Thierry, a little before the departure of train 20; tho second during tho journey on a long pioce of 
straight lino within a kilometro of Chateau-Thierry. It may be assumed that, during the interval, 
the direction and tho absolute velocity had not changed. 

Thus we knew ; — 

1. Tho angle made by the actual direction of the wind with tho direction of the train when 
stationary, equal to 40 p . 

2. Tho anglo nmdc* by the rclativo direction of the wind with the direction of tho train when 
in motion, equal to 15°. 

3. Tho speed of the train, that is, of tho artificial wind created by tho motion of the train. 

Under these conditions, on account of the swiftness of transport, the vane serves as an anemo- 
meter. We may thus construct the parallelogram of tho velocities, and deduco tho value of tho 
actual velocity of tho wind. 

The absolute velocity of the wind was, by this means, found to bo 8® ’40 a second. 



Table XVIII. — Influence or Curves upon Traction. 



Designation of the Trains. 


Designation of tbe 
Sections of Line. 


Sneed an 
boar. 


Number of 
Carriages, 
Ice. 


1 

j Coefficient of 
Traction. 


Observations. 


04. March 19, 1803.. 


kilo met re- post. 

140 to 129 


kilometres. 

27 


29 


kilogrammes. 

1*28 


The distance travelled 


85. Feb. 27, 1863 .. 


148 „ 166 


25 


37 


4 88 


on a curve is less than 


85. Feb. 27, 1863.. 


191 „ 198 


28 


41 


5-33 


20 per 100 of the total 


62. Fob. 27, 1863.. 


1G!>}„ 1B5 


26 


30 


3-65 


distance. 


<32. Feb. 27, 1 H»53 . . 


153 „ 149 


28 


30 


2-63 




85. Feb. 22, 1863.. 


150 „ 11114 


26 


37 


4*78 




85. Feb, 22, 1863.. 


189 „ 1984 


25 


37 


4-88 




78. March 17, 1864.. 


203$ „ 199 


29 


47 


482 




78. March 17, 1864.. 


199 „ 1904 


29 


47 


4-68 




80. March 19, 1864.. 
89. March 18, 1864.. 


139 „ 135 


25 


30 


4-27 




148 „ 154 ' 


29 


38 


4-78 




89. March 18, 1864.. 


154 „ 161 


27 


38 


4-85 




88. March 18, 1864.. 


204 „ 199 


26 


26 


4-84 




83. April 6, 1864.. 


57 „ 62 


26 


44 


4-93 




81. April 11, 1864.. 


120 134 


26 


43 


5-68 




78. April 13, 1804.. 


197 „ 193 


23 


55 


415 




88. April 14, 1864.. 


203 „ 199 


26 


35 


4-27 




88. April 14, 1864.. 


199 191 


26 


35 


4-43 




88. April 14, 1864.. 


169 .. 157 


26 


38 


4-63 




40*69. April 29, 1864.. 


28} „ 31 


25 


31 


4*21 




75. Aug. 31, 1864.. 


9$„ 14 


22 


42 


3-73 




75. Aug. 31, 1864.. 


23$ „ 26$ 


27 


42 


8-83 




66. Aug. 31, 1864.. 


41$ „ 39 


28 


31 


3- 07 




66. Aug. 31, 1864 . . 


25$ „ 23$ 


29 


38 


4 12 






Menus .. 


26 


37 


4-43 
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Table XVIII.— Influence of Curves upon Traction — continued . 



Designation of tho Trains. j 


Dealgn&Uon of the 
Sections of Line. 


• Speed an 
boor. 


N amber of 
Carriages, 


Coeffldrnt of 
Traction. 


Obserrationa. 






kilometre- post. 


kllomMres. 




kilogram roe*. 




85. Nov. 2(3, 


1862.. ! 


70 to 


78 


30 


33 


604 


Tho distance travelled 


85. Nov. 26, 


1862.. 


86 „ 


91 


28 


33 


5*73 


on a curve is between 


77. Deo. 6, 


1862.. 


(37 „ 


78 


26 


28 


5-84 


20 and 50 per 100 of 


77. Dec. 6, 


1862.. 


S'.) „ 


94 


29 


28 


5-46 


the total distance. 


64. March 19, 


1863.. 


121 „ 


118 


28 


29 


3'98 




64. March 19, 


1863.. 


113 „ 


109 


27 


| 29 


418 




85. Feb. 17, 


1863 .. 


17(3 „ 


180 


25 


; 39 


5-50 




85. Feb. 17, 


1863.. 


ISO „ 


187 


27 


39 


5-41 




C2. Feb. 27, 


1863.. 


185 „ 


177 


25 


28 


314 




(32. Feb. 27, 


1863.. 


10* „ 


159 


29 : 


| 30 


3*35 




85. Feb. 27, 


1863.. 


163 „ 


170 


25 1 


37 


4-87 




85. Feb. 27, 


1863.. 


170 „ 


184} 


21 


37 


5-23 




83. March 1(3, 


1864.. 


66 A „ 


72 


22 


29 


595 




83. March 16, 


1864.. 


72 


78 


24 


29 


500 




80. March 19, 


1804 .. 


122 „ 


117 


29 


30 


4*23 




80. March 19, 


1864.. 


115 „ 


no 


27 


30 


4-55 




81. April 11, 


1864.. 


80 „ 


91 


28 


43 


5-37 




81. April 11, 


1864.. 


110 „ 


1154 


26 


43 


5-21 




06. April 7, 


1864.. 


73 „ 


07 


25 ! 


34 


4-46 




66. April 7, 


1864.. 


'31 „ 


65 


25 ; 


31 


465 




88. April 14, 


1864.. 


182 „ 


176 


25 


35 


4-48 




75. Aug. 31, 


1864.. 


57 „ 


61 


21 


41 


4-54 




66. Aug. 31, 


1864.. 


62 „ 


56} 


25 


34 


403 




81. Sept. 1, 


1864.. 


57 „ 


60 


i 28 


43 


4 03 








Means 


25 


34 


4-76 


| 


85. Nov. 26, 


18(32., 


67 to 


70 


l 2(1 


1 33 


6 12 


The distance travelled 


85. Nov. 2(3, 


1862.. 


80 „ 


83 


I 30 


33 


602 


on a curve is more 


85. Nov. 26, 


1862.. 


103 „ 


113 


28 


33 


5-60 


than 50 per 100 of 


77. Dec. <3, 


1862.. 


103 „ 


109 


24 


28 


5*80 


tho total distance. 


64. March 19, 


1863.. 


101 „ 


95 


30 1 


29 


5*59 




63. March 16, 


1864.. 


73 „ 


83 


26 


29 


5*20 




89. March 18, 


1864.. 


170},, 


1824 


20 


38 


5*72 




83. April 6, 


1864.. 


I3'.l „ 


76 


25 


41 


5-30 




81. April 11, 


1864.. 


(37 „ 


71 ! 


21 


43 


5-63 




81. April 11, 


1864.. 


95 „ 


103 


20 


43 


5-83 




78. April 12, 


1864.. 


10» „ 


104 


29 


30 


3-23 




78. April 13, 


1804.. 


181 „ 


177 


24 


56 


400 




85. Nov. 26, 


1802.. 


93 .. 


102 


27 


33 


5-75 




77. Dec. 6, 


1862.. 


100 „ 


103 


23 


38 


5-64 




80. March 19, 


1864.. 


81 „ 


78 


24 


27 


4-54 




83. March 16, 


1864.. 


78 „ 


82 


26 


29 


518 




83. April 6, 


1864.. 


79 „ 


82 


25 


41 


5*22 


• 


81. April 11, 


1864.. 


70 „ 


82 


25 


43 ! 


5-68 




(3(3. April 7, 


1864.. 


81 „ 


78 


22 


34 


4*95 




78. April 12, 


1864.. 


102 


99 


27 


30 


3-58 








Means .. 


24 


35 


512 





The resistance observed on the outward and homeward journey, on the name portion of tho line 
and at about the some rate of speed, was, for the same number (thirteen) of carriages. 



Between posts 03 and 97 
70 „ 82 
„ 69 „ 66 

„ 59 „ 64 

„ 26 M 20 



720 and 822 kilogrammes. 
700 „ 857 

600 „ 806 w 

552 „ 835 „ 

643 „ 817 „ 



Mean .. 643 „ 827 



We thus find n difference of 184 kilogrammes (about 30 per 100 of the resistance of tho train 
ou the outward journey) due to the influence of tho wind having a velocity of 8® *40 a second. 

These results show that the influence of tho wind is considerable, and tliat tho resistance of 
imusenger trains must bo very variable, if tho weather be not absolutely calm. This fuct is corro- 
borated by Tables G to J. 
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Wo find 08 tho maximum effect of tho wind ; — 

Passenger Trains. 



Experiment No. 83. Speed 46 kilometres / = 12 k -G3 

„ No. 24. Speed 45 M /=10 k 06 

Goods Trains. 

Experiment No. 54. Speed 25 kilometres /= 7*- 68 

„ No. 92. Speed 21 „ /=8 k -60 



These four experiments were mode in a high wind, though not sufficiently violent to bo called 
a storm. It follows from this tbit, in the absence of extraordinary atmospheric circumstances, tho 
resistance of trains may vary from the Bingle to tho double. 

Practical Results and Calculations for Petcrminnuj the different Terms entering into the Formula of 
the Tover of an Engine. — Formula for the Resistance of Trains . — The numerous experiments made 
by us lead to formula) giving the resistance r a ton. W. Harding's formula for the resistance r of 
trains on a level and iu a straight line is ; — 

r = 2*72 + 0 094 V + ^^1 [»] 

r being the resistance of the train a ton in kilogrammes ; 

V the speed an hour in kilometres; 

S the section of the front of the train (8 = 5 square metres); and 

P the weight of tho train in tons. 

The results given by this formula are much too great. Its application will bo found in Table 
XIX., where the difference in the values obtained for r will be seen to be considerable. We have 
preferred to modify the coefficients in this formula without changing its form, which seems to us 
a very convenient one. 

The results of our experiments have led us to the following conclusions ; — 

lut. That we cannot have a simple formula applicable to any train ; 

2nd. That the trains must be arranged in two groups, the first comprising goods trains moving 
at from 12 to 32 kilometres an hour; the second, all trains moving at a rate of speed greater than 
32 kilometres. 



0" 00434 y ft y Vi 

Table XIX.— Application op Harding's Formula, R = 2*72 + 0*094 V + — — . 

Goods and Mixed Trains. 



Designation of tho Train. 


Speed 

an 

hour. 


Gross 
Weight 
in ton*. 


Value 
of the 
Second 
Term. 


! V .too 
of the 
Third 
Term. 


Total 1 
Value 
calculated 
for R. | 


Value 
found by 
Experi- 
ment. 


Excess of 
the Value 
found by 
Calculation.. 


Observations. 


199. June 20, 1862 
62. Feb. 27. 1863 


kilonu. 

20 


567 


1*88 


002 


1 kits. 
4 62 


! 

312 


1*50 


S is the section 


25 


306 


, 2 *35 


0-05 


5- 12 


314 


1-98 


of the front of 


40*62. April 28, 1804 


26 


509 


2*45 


0 03 


5*20 


3-20 


1 2-00 


the train. S = 


66. Aug. 31, 1864 


17 


332 


1*60 


0 02 


5-34 


314 


1-20 


5 *}. metres. 


567. June 27, 1862 


29 


221 


2*73 


0 09 


5-54 


4-43 


1*11 


562. June 15, 1862 


29 


301 


2-73 


0-07 


5*52 


4-32 


1-20 




64. March 19, 1863 


28 


321 


2-63 


006 


5-41 


401 


1-40 




62. Feb. 27. 1863 


31 


396 


2-92 


007 


5*71 


318 


2-53 




78. March 17, 1863 


31 


474 


2*92 


004 


5-68 


3-98 


170 




88. Mart'h 18, 1864 


29 


249 


2-73 


0-08 


5-53 


4 05 


1 48 




78. April 12, 1864 


32 


300 


302 


0 08 


5*80 


4-33 


1-47 




78. April 12, 1864 
78. April 13, 1864 


29 


326 


2*73 


006 


5*51 


3-54 


1-97 




31 


cm 


2-92 


004 


5-70 


4 41 


1-29 




78. April 13, 1864 


31 


536 


2-92 


0-04 


5-68 


3-54 


214 




66. Ang. 31, 1864 


30 


296 


2*83 


0-07 


5*62 


3-71 


1 *91 




100. April 23, 1862 


36 


239 


3-38 


0 13 


6‘23 


4 64 


1-59 




100. April 25, 1862 


38 


227 


3-58 


015 


6-45 


4-60 


1-85 




38. Deo. 5, 1862 


37 


200 


3-48 


016 


6-36 


4*67 


1-69 




88. Dec. 16, 1862 


39 


174 


3 67 


0-21 


6-60 


4 43 


217 




46. Nov. 19, 1861 


44 


120 


414 


0*39 


7*25 


518 


207 




100. April 16, 1862 


34 


207 


3-20 


013 


605 


5-22 


0*83 




100. April 16, 1802 ! 


42 


190 


3-95 


010 


6*77 


| 5*75 


1*02 





lxf Group. — Goods Trains moving at from 12 to 32 kilometres an hour upon a level, the curves being 
of a long radius, and the weather fine . — When the rate of speed is low, the term in V* of tho equa- 
tion [8] has so little importance that it may be suppressed. Tho nature of tho lubricating sub- 
stance has a notable influence, occasioning a considerable change in the coefficients. Tho two 
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following formula) aro tho result of the tentativo processes to which wo were obligod to have 
recourse; — 

For trains lubricated with oil, 

r as 1*65 + 0*05 V. [a] 

For trains lubricated with gTcaae, 

r = 2*30 + 005 V. [6] 

Those Formul© show the advantage iJossessed by oil over grenso at a teraperaturo of IS 0 . 
Below this temperature, tho advantage increase^ rapidly ; above, on the contrary, it becomes less. 
Table XX. gives the results of these formul© applied to our experiments ; it will be seen that they 
differ but littlo from those obtained by actual trial. 



Table XX.— Application of a New Formula to the Calculation op the Resistance op 
Goods Trains, R = 2 '30 -f O' 05 V. 



Designation of tbo Train. 


Speed an 
boor. 


Value of the 
Term in V. 


Value of R 
by Calculation. 


Value of R by 
Experiment. 


Excess of tbo 
Value by 
Calculation. 


199. Juno 20, lfW2 .. .. 


kilometres. 

20 


100 


kilogramme*. 

8*30 


kilogramme*. 

3*12 


0*18 


62. Feb. 27, 1863 .. .. 


25 


1*25 


3*55 


314 


0*41 


40 02. April 28, 18154 .. .. 


26 


1*30 


3*60 


3*20 


0-40 


66. Aug. 31, 1864 .. .. 


17 


0*85 


3 15 


8*14 


0*01 


5(57. June 27, 1802 .. .. 


29 


1-45 


3-75 


4*43 


0*68 


562. June 15, 1862 .. .. 


29 


1-45 


3*75 


4*32 


0-57 


64. Muich 19, 18(53 .. .. 


28 


1*40 


3*70 


4*01 


0*31 


62. Feb. 27, 1863 .. .. 


31 


1-55 


3-85 


318 


0*67 


78. March 17, 18(54 .. .. 


31 


1 55 


3-85 


3*98 


0*13 


88. March 18, 1864 .. .. 


29 


1-45 


3*75 


4*05 


0*30 


78. April 12, 1864 .. .. 


32 


1*60 


3*90 


4 33 


0*43 


78. April 12, 18(51 .. .. 


29 


1*45 


3-75 


3*54 


0*21 


78. April 13, 1864 .. 


31 


1*55 


3*85 


4*41 


0*51 


78. April 13, 1864 .. .. 


31 


1-65 


3*85 


3*54 


0*31 


CO. Aug. 31, 1864 .. .. 


30 


1*50 


3*80 


3*71 


0*09 



Table XXI. — Application op Harding’s Formtla, R = 2*72 + 0 094 V -f 

Passenger Trains. 



0 00484 x 8 xV» 
1 * 



Designation of tbo Train. 




Speed 

an 

hour. 


Gtom 
W eight 
In tona. 


Value 
of the 
Second 
Term. 


V.loo 
of the 
Third 
Term. 


Total 
Value by 
Cal- 

culm ion. 


Value by 
Experi- 
ment 


Kxcem of 
the Valuo 
by Cal- 
culation. 


35. 


April 27, 


1862 .. 




kilometres. 

47 


90 


4*40 


0*58 


kilog*. 

7*70 


kllogs. 

6-24 


l-4« 


36. 


May 6, 


1862 .. 




46 


101 


4*32 


0*52 


7*56 


5*54 


2*12 


40-26. 


April 28, 


1866 .. 




44 


101 


4*13 


0*18 


7*33 


6*43 


0*90 


44. 


June 8, 


1866 .. 




45 


107 


4*23 


0*47 


7*42 


5*73 


1*69 


40*35. 


April 24, 


1866 .. 




45 


50 


4*23 


1*00 


7*95 


7*44 


0*51 


40*35. 


April 26, 


1866 .. 




41 


56 


3*86 


0*75 


7*33 


7*27 


0*06 


2 16. 


Juno 6, 


1866 .. 




46 


58 


4*88 


0*91 


7*95 


7*56 


0*39 


35. 


April 27, 


1862 .. 




54 


90 


510 


0*81 


8*63 


6*95 


1*68 


35. 


May I, 
May 6, 


1862 .. 




50 


101 


4*72 


0*62 


806 


6*03 


2*03 


36. 


1862 .. 




54 


101 


5*10 


0*72 


8*54 


6*03 


2*51 


35. 


Mav 7, 


1862 .. 




50 


106 


4*72 


0*59 


8*03 


6*71 


1*32 


40*23. 


April 28, 


18*56 .. 




52 


101 


4*90 


0*67 


8*29 


6*54 


1-75 


35. 


Juno 4, 


1806 .. 


.. 


54 


105 


5*10 


0*69 


8*51 


6*95 


1-56 


36. 


April 30, 


1862 .. 




58 


91 


5*45 


0*92 


9-09 


8 03 


1*06 


35. 


Nor. 19, 


1864 .. 




59 


98 


5-56 


0*88 


9-16 


7*95 


1-21 


35. 


June 4, 


1H66 .. 




63 


105 


5*93 


0*96 


9*63 


8*16 


1-47 


40*35. 


April 24, 


1866 .. 




65 


50 


6*12 


212 


10*96 


9*80 


1*16 


40*32. 


April 25, 


1866 .. 




*50 


55 


5*65 


1*65 


10*02 


9* 10 


0*92 


2*16. 


June 5, 


1866 .. 




61 


61 


5*75 


1*55 


10*02 


9*80 


0*22 


33. 


March 14 


1866 .. 




76 


53. 


7-17 


2*73 


12*62 


14-55 


-1*93 



2nd Group. — AU Train* morinq at a rate of speed qreater than 82 kilometres, upon a level, the curves 
being of a long radius . — Table XXI. gives tfio results of the application of Harding’s formula to 
these trains. They aro much too great for heavy trains, are noarly true for light stopping trains, 
and aro too small for express trains of eight carriages. After many trials, we have been obliged to 
admit three series of coefficients. (See Table &X1I.) 
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Trains moving nt from 32 to 50 kilometres an hour, 

0 009 x 8 x V* 

~P“ 



1-80 + 0*80V + - 



Trains moving at from 50 to 65 kilometres an hoar, 

r-l-8Q + 0-0«V + E2i*LLr. 

Trains moving at 70 kilometres an hour, and above, 

, A 0 004 x S x V* 

r = 1*80 + 0*14 V + 



w 

M 

w 



To show the necessity of these different coefficients, we must remark that, in these formula*, 
the term in V represents the resistance at the circumference of the wheels, which resistance increases 
with the speed and the oscillation, and that the term in V* represents the resistance of the air ; the 
heavier the train, the more is the resistance due to the surface exposed to the wind preixirtion- 
utely reduced. The reason why this term contains the weight P os a denominator is therefore 
evident. 

The formula? [c], [</], and [c], give results that agree perfectly with those obtained bv experi- 
ment. r being the coefficient of resistance a ton on a level and in a straight line, the additional 
resistance due to gradients, curves, and so on, may be calculated by the methods we have already 
given. 



Tadle XXII, — Application op New Formula to the Resistance op Passenger Trains. 



Indignation of tlic Train. 


Speed 

an 

hour. 


Oro« 
Weight 
in toni. 


V«lu« 

«f the 
Second 
Term. 


Value 
of Uk» 
Third 
Term. 


Total 
Value bj 
Cal- 
culation. 


Total 
Value by 
Experi- 
ment. 


Kxoeaa of 
the Value 
by Cal- 
culation. 


Observations. 


100. April 25, 1862 
100. April 25, 1862 
38. Dee. 5, 1862 

38. Doc. 16, 1862 

46. Nov. 19. 1864 

100. April 16, 1862 
100. April 16, 1862 

35. April 27, 1862 

36. May 6, 1862 

40*26. April 28, 1866 

44. June 8, 1866 

40*35. April 24, 1866 
40*35. April 26, 1866 
2*16. Juno 6, 1866 


kilotna. 

36 

38 

37 

39 

44 

34 

42 

47 

46 

44 

45 

45 
41 

46 


289 

227 

200 

174 

120 

207 

190 

90 

101 

101 

107 

50 

56 

58 


2*88 
3*04 
2*96 
3* 12 
8*52 
2*72 
8*36 
3*76 
3*68 
3*52 
3*60 
3*60 
3*28 
3*68 


0*23 

0*26 

0*29 

0*38 

0*70 

0*23 

0*19 

1*11 

0*95 

0*87 

0*85 

1*83 

1*37 

1*62 


kllogs. 
4*91 
5*10 
5 05 
5*30 
602 
4*75 
5*35 
6*67 
6*43 
619 
6*25 
7*23 
6*45 
710 


kilt**. 

4*64 
4*60 
4 -67 
4*43 
5*18 
5*22 
5*75 
6*24 
5*54 
6*43 
5*73 
7*95 
7*83 
7*95 


0*27 
0*50 
0*38 
0*87 
0*84 
-0*47 
-0 40 
0*48 
0*89 
-0*24 
0*52 
-0*72 
-0*88 
-0*85 


Sneed from 32 to 50 
kiloms. an hour. 
11=1*80+0*08 V 
. 0*009 x SV’ 
p 


35. April 27, 1862 
85. Mav 1, 1862 

3*5. May 6, 1862 

35. May 7, 1862 

40*23. April 28, 1866 

35. June 4, 1866 

36. April 30, 1862 

35. Nov. 19, 1864 
85. June 4, 1866 

40*35. April 24, 1866 
40*32. April 25, 1866 
2*16. JuneS, 1866 


54 

50 

54 

50 

52 

54 

58 

59 
63 
65 

60 
61 


90 
101 
101 
106 
10] 
105 

91 
98 

105 

50 

55 

61 


432 
4 00 
4*32 
4*00 
4*16 
4*32 
4*64 
4*72 
5*04 
5*20 
4*80 
4*88 


0*97 

0*71 

0*86 

0*71 

0*80 

0*82 

1*10 

1*05 

1*15 

2*55 

1*97 

1*86 


709 

6*54 

6*98 

6*51 

6*76 

6*94 

7*54 

7*57 

7*99 

9*55 

8*57 

8*54 


G*95 

603 

603 

6*71 

6*54 

6*95 

8*03 

7*95 

8*16 

9*80 

9*10 

9*80 


0*14 
0*51 
0*65 
-0*20 
0*22 
-0*01 
-0*49 
-0*38 
-0*17 
—0*25 
-0*53 
-1 26 


Sneed from 50 to 65 
kil<>rns. an hour. 
R = 1*80+0*08 V 
0 006 x 8 V* 
P 


33. March 14, 1866 


76 


53 


10G4 


218 


14*62 


14* 55 


* 

0*07 

_] 


Sneed > 70 ki loins. 
it= 1*80+0* 14 V 
0 004 x S V* 
P 



Actual Ihwtf-pofrrr to the Unit of Heating Surface . — Table XXIII. gives the maximum amount of 
work developed by different kinds of engines during the course of our experiments. The highest 
rates of speed may practically bo fixed as follows ; — 



Cram i >ton’s engine 


. . V = 80 kilometres, 22 m * 30 a second. 


Mixed engines 


. .. V = 55 


15* *30 ,, 


Coeds engine (wheels of 1 m • 40) 


. .. V = 30 „ 


8“ -30 „ 


„ (wheels of 1 B *30) 


. .. V = 26 


7-20 „ 


n M (8 wheels oouplod) . . 


. .. V = 24 


6- *70 „ 



t 

1 
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Whence wo conclude that At their greatest rates of speed, our several engines nro capable of deve- 
loping the following amounts of work ; — 



Crumpton's engine 400 horse-power. 

Mixed engines WO „ 

Goods engine (wheels of l m * 40) 300 „ 

„ „ (wheels of 1“* 30) 275 „ 

„ , t (8 wheels coupled) 400 „ 

Dividing the work bv the heating surfaces of the engines, we obtain the actual Ixorse-power to 
the square mi*tro. Wo nave 

Crampton's engine 4*3 horse* power. 

Mixed engine (type 14) 3*0 „ 

„ « (typo 12) 30 M 

Goods engine (type 20) .. 2*4 „ 

„ „ (typo 15) 2*7 „ 

„ „ (8 wheels coupled) 2*0 „ 



It follows from the above figures that the work in horse-power to the unit of heating surface 
i nr reacts with the speed, ami with the dimensions of the furnace relatively to the total lifting 
surface. Now, tho Bpeed which a locomotive is capable of maintaining, while exerting a given 
force, depends on the production of steam. The results of our experiments under this head will 
be found in Note C, and Table XXVIII. 



Table XXIII. — Greatest Value ok the Work of Engines AcoonmNQ to Experiment. 















Work ! 


Work 


Total Work at 


Mean of 














Speed 


X" 


to 


ibe rlrcnm- 






Hosiers lion of the Train, i 


Kind of Engine. 


on i 


more I 


ference of tbo 


Work 1 


Observations. 












hour. 1 


Coup- 


the 1 


I>rivlriK- 


for each 














| 


linR. 


Motor. 


wheels. 


kind. 














kitamsJ 




h.-p. 


h.-p. | 


iL-pu 


<*> The work required 


33. 


March 13, 1866 ! 


Crompton's 




78 


262 


1 150) 


377 


j 392 


33. 


March 15, 


1866 




74 i 


297 , 


no 


407 


to move the motor has 


1*16. 


June 7, 


1866 


j Free wheels. 
\ Type 1 


7} 


42 


132 | 


87 1 1" 


219 


>204 


been computed at 8 kilo- 
grammes a ton, accord- 


1*35. 


June 4. 


1866 j 






37 


113 


80 


193 


ing to experiments made 


1*38. 


July 21, 


1866 ! 






44 


110 


91 


201 


) 


Ufion engines with free 


36. 


Dec. 10, 


1862 


Mixed. — Type 14 | 


45 


204 


58 


261 


\ 


wheels aud upon ten- 


40*35. 


April 26, 


I860 




12 


70 


159 


120 


279 


1 


dors. 


10*34. 


April 27, 


1866 




12 


48 


175 


116 


291 


297 


oo The threo experi- 


40-23. 


April 28, 


1866 




14 


47 


244 


101 


845 <*> 




meats upon engines of 


35. 


June 4, 


1866 




14 


63 


227 


81 


308 


J 


type 1 were made with 
the escape closed. Tho 


2*65. 


July 21, 


1865 


Goods. — 1 Type 20 


18 J 


242 


53 


295 




1*68. 


July 8, 


1864 




20 


25 1 


230 


41 


271 




production was diffl- 


1*67. 


July 6, 


1864 




20 1 


26 


i 250 


77 


, 327 


295 


cult. 


3*64. 


June 22, 


1864 




20 


24 


244 


49 


293 


<*> This large amount 


1*68. 


June 21, 


1864 




20 


20 


249 


44 


293 




of work of 345 horse- 


1*68. 


J one 20, 


1864 




20 


20 ; 


250 


44 


294 




jtower was maintained 


89. 


April 14, 


1864 


Goods. — Tyi»o 15 


24 


239 


33 


272 




during a short distance 


91. 


April 13. 


1864 




15 


28 


225 


38 


263 


261 


only. 


89. 


March 18, 


1864 




IS 


31 


232 


43 


275 


140. 


March 21, 


1864 




15 


18 


183 


50 


233 






12*72. 


Jan. 13, 


I860 


If Eight wheels) 


, 21 


297 


1 71 


368 


V 




12-80. 


Jan. 11, 


1866 






1 10 


278 


62 


340 






12*78. 


Jan. 12, 


I860 






1 23 


265 


j 71 


886 


1346 




12*86. 


Dec. 22. 


1665 






i 25 


262 


78 


340 




K 74. 


March 21, 18G7 






1 15 


200 


127 


327 






E 74. 


March 22, 1807 


M »» 




17 


263 


104 


367 


' 





Adhesion of Locomotives . — Table XXIV. contains trains in which a slipping of the wheels was 
observed. It gives the value of the adhesion of the engine when the lower limit was reached. 

As an example, let us take train 140, March 21, 1863; good* engine, typo 15; adhesive 
weight = 80,000 kilogrammes; nature of the lino = gradient of 9 millimetres; temperature = 7°; 
wet and windy. — The tractive force upon the couplings of the tender was in this ease 2850 kilo- 
grammes : to find the total tangential force, we must add 700 kilogrammes expended in moving 
the motor itself (see Table XXIV.), which gives 3550 kilogrammes. The coefficient of adhesiou 
. 3550 1 

. aMhoritae, as*, = gr 4 - 

In this case, notwithstanding the slipping, the speed was not less than 15 kilometres an hour. 
To realize these conditions, the engines must bo provided with sand-boxes in good working order. 
It will be seen from Table XXIV. that during our ex|>criments the coefficient of adhesion has 

ls*cn as low as bnt this was an exceptional case. Wc could not base our regulations for load- 
ing upon this coefficient. 
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Table XXV. contains trains in the cose of which traction was accomplished with very high 
values of adhesion without slipping. At the top are given the tiocfficicnta olieervod when tne 
train wns in motion, and which correspond ton long distance; at the bottom, the coefficients 
observed at starting, and due to an instantaneous effort. 

The maximum value of the coefficient, during motion, was This is the higher limit of 

adhesion that will serve to regulate the loads which may lie drawn by engines in fine weather. 
The minimum loads to be drawn in nil weathers may he determined by taking the coefficients as 

- . In winter we cannot reckon upon an adhesion greater than this. 

The variation in the speed of trains has considerable influence on adhesion. It has been 
observed that a train of eight carriages, moving on a level at the rate of "0 kilometres an hour, 
requires as much odhesivo force as the same train moving at 40 kilometres up an incline of 
9 millimetres. 

At starting, the limit of adhesion is, on most occasions, nearly reached, and the coefficients 
found in these cases are higher than those found when the train is in motion. In practice, we 

may admit the coefficient at starting as - • 

5 

Practical Formula of the Potter of an Engine . — The practical formula which we are about to give 
is derived solely from the results of our experiments. 

Let P be the gross weight in tons which an engiue is capable of drawing at a rate of speed V 
upon a line of known nature ; 
r resistance of the weight P a ton : 

P' the weight in tons of tho engine and tender; 

r' tho resistance of tho weight P' a ton, considering tho engino and tender os mcro 
vehicles ; 

8 the heating surface of the engine ; 

N the actual horse- power to the unit of heating surface ; 

P" tho adhesive weight of the engine, that is, the weight resting upon the points of tho 
driving wheels in contact with tho rails; 
m the coefficient of adhesion of the engine. 

The force of the circumference of tho wheels will be Pr -f PV. 

V being the speed in metres a second, the work to be effected is (P r + PV) V. And wo ought 
to ha vo 

(Pr + P'OV<8 X N x 75. [F] 

Besides this, to avoid slipping, we must have 

(Pr + P'O^ mP”. [F*]' 



By means of these two formula? tho load which a given engine is capable of drawing may be 
readily calculated. They will cqunlly serve to solve tho inverse prohlom which will oftoncr occur 
in practice. 

To determine the principal elements of a locomotive to draw’ n load P at a rate of speed V upon 
a line of known nature, an approximative value must ho given to P' in equation [F], when tho 
value of 8 may be deduced. Equation [F'] will enable us to determine P". 

The problem will have received its best solution if we succeed in making equal pair by pair 
the moinWnf of the relations [F] and [F'). (For the other j>arts of the engine, nee Note E.) 

Note A. — Vis viva of a Pair of Wheels . — In making dynamometrical experiments on the resistance 
of trains, it may happen that each division of the distance upon which tne experiments were made 
was travelled over at a uniform rate of speed ; nothing can be easier than to measure the resistance 
of the train in such coses. But it happens very often that the speed varies considerably ; in this case 
more calculation is requisite to find the coefficient of resistance. The formula which we have 
employed is the following : — 



Let Y„ be the initial velocity in kilometres an hour; 

V, the final velocity also in kilometres an hour ; 

P the weight of the train in tons ; 

p the weight in kilogrammes of a revolving piece, such as wheel or axle ; 
K tho radius of gyration of a revolving piece; 

K the radius of the circlo of revolution ; 
n the number of vehicles ; 



x 



V + V 

the unknown coefficient of resistance a ton, at the mean speed of — • * 



F the mean tractive force in kilogrammes; and 
i the space traversed in metres. 



We have 



Fxisix Px»±^|px 1000 + S/> : 



v,* - V/ 

1296 * 



[ 1 ] 
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K* 

To find the value of the term 2/> ^ , we will apply the calculation to the circumference and to 

K'* 

the axle. Say for the circumference p X ■ 

Wo are bore considering the rolling stock of the Eastern Rnilwny Company, to whom most of 
the trains experimented on belonged. The outer diameter of the wheel is l* *03 when the wheel 
is new. The tire when new is 55 millimetres in thicksets; it is used till this thickness has been 
worn down to 25 millimetres. Therefore, considering the wheel as half worn out, we shall have 



2U=1 „.oo. K ’=m+MV)' 



+ 4 x | 

Whence we deduce K' = 0*48, that is, K‘ is very nearly equal to the radius of the circlo of 
K*» 0*48* 

revolution u . = = 0-920. 

The weight of two pieces of tire, at the mean thickness of 40 millimetres, is 264 kilogrammes. 
Therefore, for a pair, we shall have p' ^ = 264 x 0*92 = 243. 



For the axle let us say p" X 



K”* 
It* * 



This term is very small. We find p" x ^ = 1*08. 

It 3 

K's K"* 

For a pair of wheels we have j/ — + p" — = 244 08. 

K* 

For the corriago with two axles, 2 p ^ - = 488. 



And for the whole train, 2 p 



K* 



n x 488. 



Having made the necessary substitution ami reduction, formula [1] becomes 

Fx» = xxPxi± 0 004 (P x 1000 + n x 488) x (V,* - V.*). [2] 



This formula was applied in calculating Tables A to J. By means of it we may calculate tho 
mean resistance a ton .r, even when the speed has varied throughout the time of the experiment. 

Suppose a single carriage impelled at an initial velocity V* ami then left to itself till it stopped. 
Tho third term of formula [2] is then 0 001 x (1000 I* -f 488) x V,*. 

Substituting the weight in kilogrammes F for tho weight in tons P, and the speed in metres a 
second V for the speed iu kilometres an hour V„ we have 

P' = m x •/, 
p = o ooi x F, 

V. = 3*60 xV; 



and the above term becomes 



(i» + 25) 



x V* 



^ Thus tho rotating r is rim of a pair of carriage-wheels is expressed, in kilognunm&tres, by 



The same calculation gives the following values of the nj nm of some of the wheels to which 
our exncrimenta apply ; — 

1. F or a pair of tender-wheels of l m -20, 18 4 x V*; 

2. For a pair of engine-wheels of l m, 30, 20 x V*; 

3. For a pair of engine-wheels of l m *68, 27 4 x V*. 

Note U. — Modification of the Dynamometer for the jmrjKtse of Calculating the Resistance caused by a 

Brake . — For the purpose of measuring the resistance caused by a brake, a cross-bar b c of wrought 
iron was fixed to tho traction-bar. To tho ends of this cross-liar were attacked pieces connected 
with the hinder buffers, as shown in the figure. 

If we have a brake in front of the dynamometer car, tho front buffers of tho car strike against 
and press upon this obstacle, and its hinder buffers a receive the thrust of the train rolling liehind, 
transmitting it by meanB of the piece b c to the traction-bar of the dynamometer. In thtB way the 
thrust is made to act upon the dynamometrical spring, and we arc thus enabled to measure accu- 
rately the influence of the brake! 

Note C. — Production of Steam. —The speed of a locomotive while exerting a given force, depends 
on its production of steam. Tables XXVI., XXVII., and XXVIII., give the maximum consump- 
tion of water observed by us and the maximum value of the work in horse-power. 

The maximum value of the work in horse-power includes the work developed upon the couplings 
of the tender, and tho work required to move the motor itself. This latter work was computed in 
accordance with the contents of Table III. Where the total mean of the work is not given, that 
portion of tho line was too irregular to allow us to find a mean. The water was measured in tho 
tender by means of a graduated scale. The consumption of water does not correspond exactly to 
the production of sham, because a certain quantity of water is carried off ; but nt present we will 
not consider this quantity. 

4 R 
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Tablb XXVIII.— Greatest Production op Steam. 



Kind of fogine. 


Date. 


Mean 

•SptM-d 

an 

hour. 


No. of 
Kilo. 

mitres 

experi- 

mented 

over. 


No. of 
Ite vo- 
lutions 

a 

second. 


Work 

exerted 

upon 

Uhj 

Train. 


Work 
to move 
the 

Engine. 


Mean 

Total 

of 

Work. 


Total 

Heating 

•Surface. 


Weight 

Water 

con- 

sumed. 


Wdjrtkt at 
W»W aw- 
■unal bt ll« 
mjiuu. uMk 
it Hrattiig 


















h.-p. 


b.-p. 


h..p. 


••q. mft. 


Hlofx. 


kltogx. 


Crompton’s 


.. 


33. 


March 15, 


1866 


73 


141 


2*83 


297 


110 


407 


91 “27 


8680 


42 


wS,}^ 


1 


11C. 


June 7, 


1866 


42 


30 


2*18 








67*91 


2116 


42 


Mixed. 


12 


40*35. 


April 24, 


1866 


57 


41 


2*77 


131 


125 


256 


81*90 


2770 


38 


M „ 


7 


81. 


May 4, 


1865 


51 


45 


2*67 


131 


71 


202 


88-32 


2915 


33 


„ ,, 


14 


40*23. 


April 28, 


i860 


4G 


55 


2*40 








100*42 


4264 


32 




7 


31. 


Dec. 21, 


1865 


47 


37 


2*45 


173 


66 


239 


88*82 


2590 


32 




12 40*35. 


April 24. 


I860 


44 


22 


2* 14 


177 


68 


245 


81*90 


1720 


3G 




12 40 *35. 


April 26, 


18G0 


42 


38 


2 05 


150 


G5 


215 


81*90 


21*00 


34 




12 


10*35. 


April 26, 


18GG 


51 


38 


247 


150 


79 


229 


81-90 


2530 


35 




12 


40*35. 


April 24, 


1866 


4G 


1G 


2*22 








81*90 


1140 


33 


„ ,, 


14 


1*68. 


July 27, 


18G4 


22 


to 


1*05 








100*42 


5378 


35 


Eight coupled i 
wheels .. 


12-72. 


Jan. 11. 


1806 


16 


19 


1*13 




.. 




193*63 


4203 


18 






E. 74. 


March 21, 


18G7 


17 


10 


1*19 


263 


101 


367 


203*63 


1980 


16 


rituals. — Type 20 


K. 


March 22, 


18G7 


13 


13 


0-81 


132 


54 


186 


126*70 


2470 


20 




20 


E. 63. 


March 20 


18G7 


12 


13 


0*76 


140 


50 


190 


126*70 


2790 


20 




20 


1 *G8. 


July 8. 


1864 


25 


24 


1-57 


118) 


44 


234 


126 70 


8756 


28 




20 


1*07. 


July 6, 


1864 


24 


17 


1 -52 


286 


74 


310 


126*70 


2813 


29 




15 


78. 


Feb. 14, 


1865 


37 


31 


2-53 


1G0 


71 


231 


100-42 


3072 


32 




15 


61. 


Fi-h. I t, 


1865 


26 


31 


1*77 


135 


50 


185 


100*42 


3390 


20 




15 


1*67. 


Julv 26, 


1804 


15 


12 


1 *02 


126 


53 


179 


100*42 


2797 


32 




11 


75. 


Aug. SI, 


18G4 


18 


21 


1 - 14 


106 


26 


132 


98-80 


2715 


22 


« »» 


11 


GG. 


Aug. 30, 


1804 


2G 


38 


I-G5 


148 


33 


181 


98-80 


4063 


25 



Of passenger engine*, Crompton’s developed the greatest amount of work, namely, 407 horse- 
power. Tho maximum produrtion of steam to tho square metre of the whole heating surface was 
42 kilogrammes. Tho mixed engine, type 12, produced a mean equal to that of the mixed engine, 
type 14, and yet typo 12 possesses a much smaller surface. But wo see from Table I. that its fire- 
box is as large as that of type 14, only the tubes are considerably shorter. The production of sh-atn 
in passenger engines is, therefore, not sensibly increased by lengthening tho tubes beyond nliout 
3 metres. 

With respect to the wheels, the greatest production corresponds to the greatest number of revo- 
lutions a second. For Crompton's engino, to 2 '83 turns correspond a production of 42 kilogrammes ; 
for the mixed engine, type 12, to 2 ‘77 turns oomsqjoiul a production of 38 kilogrammes. The great 
consumption of water by the engine, type 1, is owing to the enormous quantity carried off by tho 
steam, on account of tho very small size of tho boiler. 

In general, for goods engines, the production to the square metre of heating surface by the hour 
is lew than for passenger engines. For engines with four coupled axles moving at full speed, this 
production was only 16 to 18 kilogrammes. These engines moved very slowly. The engine with 
wheels of 1"* 30, moving at the rote of 37 kilometres an hour, gave 32 kilogrammes. The engine, 
type 20, moving at full speed with regard to adhesion, gave a production of 20 kilogrammes. The 
same engine moving at full tqieed with regard to production, gave 20 kilogrammes, at a speed of 
24 kilometre's. 

The production of steam by the hour to the square metre of heating surface, and, consequently, 
the work, increases with the speed of the engine. From this point of view there is, therefore, a 
gain in increasing the speed up to the limit that mnv be reached without injury to tho mechanism. 

(’onsumptim of Water to the Kilometre . — Table XXVI. gives the consumption of water to the 
kilometre by various kinds of passenger engines. The mean consumption in places where the line 
was nearly level is the same for Crompton’s as for the mixed engines, namely, about 57 litres. 
Upon an incline of I"*® *5 the consumption of mixed engines was 04 litres; upon an incline of 
3 millimetres it was 72 litres. 

Table XXVII. relates to goods trains; from this Tablo we sec that tho consumption by goods 
engines varied, according to the nature of the line, from 97 to 283 litres. Upon inclines of 18 and 
20 millimetres, the engine (type 20) consumed more water than the engine with four coupled axles, 
becaus e in the former it was necessary to force tho production by closing the escape. 

Consumption of Water to the Carriage or to the Ton drawn . — Tables XX VI. and XXVII. give also 
the consumption of water to the carriage, or to the ton drown for each kilometre. 

1. Passenger Trains. — The divisions (1) and (2) of the Table relate to the same line, namely, 
from Paris to Epernay. It will be seen that upon this portion of line, the traction of a carriage of 
an express train required 7 ‘04 litres of water, whilst a carriage of a stopping train required only 
4-45 litre* to the kilometre. (Table XXVI.) 

2. flood* Trnitis . — Tho traction of a ton, gross weight, required 0‘35 litre to the kilometre on a 
level in fine weather, 0’M litre on a level in bad weather, and 1 ‘39 litre on an incline of 19“®-50. 
(Table XXVIL) 
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The traction of n ton weight at an equal rate of speed upon portions of line similar in nature, 
required 0*88 litre with an engine with eight coupled wheels, and 1*30 litre with an engine of 
type 20. 

Knginos with eight couphd wheels are, therefore, economical, os they utilize in a high degree 
the mechanical force of the steam. (Largo boiler, long tubes.) 

Consumption of Water to the Horse-power , — Other things being equal, (his consumption decreases 
with the increase of sjieed. Thus, for express trains, it was 0*23 litre, and for stopping trains 
0*44 litre. 

In the caso of a very slow goods train this consumption reached 1*48 litre, and oven 1*85. 
These results are accounted for by the fact that in engines moving at a high rate of speed the 
steam is expanded more than in engines moving at a slow rate. Under the same conditions, the 
consumption to the horse-power ana by the kilometre was 0*80 litre for the engines with eight 
coupled wheels, and 1*48 litre for the engine typo 20, which shows again the advantage offered by 
the former engines from an economical point of view. 

Water carried off by the Steam and lost by Leakage. — If we compare the actual consumption of 
water measured in the tender with the theoretical consumption calculated from the volume described 
by the piston dtiriug the length of admission, we find the former much greater than the latter. This 
is because a large quantity of water is carried off in an un vapourized state, and some is last by 
leakage. Our calculations show that this loss formed the following fractious of the total con- 



sumption ; — 

Train (1) 68, June 21, 1864 30 per cent. 

„ (1)67, July 6, 1864 24 

„ (1)68, July 8,1864 31 „ 

„ (2) 65, July 21, 1866 33 „ 



From this we conclude that for engines of tyj>e 20. moving at nearly full speed, the waste 
of water is about 31 per cent. We may remark that in these examples the engines were in a good 
condition. 

It is pluin that leakngc should l»e prevented as much as possible. But is it desirable to dry 
the steam? A saving of fuel would be effected; but beyond a certain degree of dryness, other 
and greater disadvantages would ensue. The piston, the cylinder, and tin* stuffing are rapidly 
destroyed when the steam is too dry. It has been noticed in the case of drivers who are arcus- 
tound to keep the water low, that they consume leas fuel than those who prefer to keep the water 
high : but, on the other hand, it has been noticed again that the engines of the former get soonest 
out of order. The question is thus reduced to one of cost of fuel. 

Note 1 *. — Friction pccutiar to an Engine at Work. — Besides the resistances which we have found 
for engines in motion without working, there is a certain supplementary resistance created by the 
reciprocal pressures of the moving (tarts. Supposing the engine to move slowly enough to allow 
us to consider the steam os acting with full pressure from the beginning of the admission, and 
also to consider the resisting pressure as equal to the pressure of the atmosphere, and calling 
p the absolute pressure of the steam in the boiler, 
p‘ the pressure of the atmosphere, 
s the surface of the piston in square metres, 

I the length of the admission, 
f the length of the exitansion, 
t" the length of clearance at the escape, 

L the length of the escape, 

r, the length of the compression, 

r , the length of clearance at the admission, 

we have as the positive work of the gases behind the piston during & single stroke of the piston, 
10000 x » JV / (l + 2-30 log. + p'/'] . 

The negative or resisting work of the gases in front of the piston is expressed by 
10000 x * (/>'/, + pt\ x 2-30 log. + pr,y 

The formula expressing the work to the Binglc stroke of the piston is, therefore, 

T= 10000, x Jpf (i + 2-30 log. , -^-p’a 1 -l")) -/><”, X 2-30 tog. -pT.j. 

For the engine of typo 20, with the driving lever at the 6th division, we have 
* =0 1515 metre. =0*163 metre. 

I = 0*272 ., r , = 0*016 „ 

V = 0*249 „ p = 8*250 kilogrammes, 

r «b 0*186 „ i p' = 1*033 „ 

t t = 0-478 „ 

Substituting theso values in the preceding formula, wo find T = 4500 kilogramme tres. 

For one revolution of the wheels, we ahull have for the two pistons, 4 x T = 18000 kilogram- 
metres. 

If we suppose a speed of 15 kilometres an hour, we shall have a second, 

18000 x = 17000 kilogr&mwctrcs, or 226 horse-power. 
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Now let os consider the case of tho train (1) 68 of the 8th July, 1864. Thia train was drawn 
op an incline of 6 millimetres by an engine of type 20, at a speed of 15 kilometres an hour, the 
driving lever standing at the 6th division, and tho useful work, measured on tho couplings of tho 
first carriage, waa 175 horse-power ; which gives as tho quantity of work absorbed by tho train 
175 x 75 = 13125 kilogrammetres. To this must be added the work cvbsGffbed by the resistances 
of the engine and tender, at a speed of 15 kilometres an hour (4" -16 a second), up an inclino of 
6 millimetres (16 kilogrammes a ton for tho traction and the friction as mere vehicles); this work 
is found to bo 3461 kilogrammetres. 

We have, therefore, 

KUognunmetrat. 



Work absorbed by tho train 13125 

W T ork absorbed by the engine 3461 



Total 16586 

On tho other hand, we found ; — 

Work produced by tho steam 17000 



Difference .. .. 414 

ThuB the work absorbed by the extra friction caused by tho pressure of the steam was about 
400 kilogrammetres. On account of tho hy|wthesea which we have made, however, thia quantity 
is rather above than below the truth. 

Tho engino weighing 33 tons, tho resistance duo to these frictions, measured at the circum- 
ference of tho wheels, was ^ i^x ' 33 = 3**02 to tho ton. The whole resistance duo to the fric- 
tion of tho mechanism and to the pressure of tho steam is, therefore, 6*05 + 3*02 = 9*07. (Seo 
analysis of tho various resistances in engines.) Strictly, tins resistance does not apply to the 
circumference of tho wheel, but it absorbs a portion of the pressure exerted by the steam upon the 
pistons. 

From what we have given above, we may decompose the total amount of work in tho following 
manner ; — 

175 horse-power exerted upon the couplings of tho first carriage, 

51 horse-powor absorbed by tho engino and tender. 

In the case of a level way and tho same speed, the disposable work upon tho couplings would 
have been greater. The total amount of work remaining the same, it would be decomposed as 
follows ;— 

192 horse-power upon the couplings, 

34 horse-power absorbed by the engine and tender. 

Effective Work of a Locomotive Goods Engine. — If wo call effective xcork the ratio of tho useful to 

192 

tho theoretical work of the Bteam, calculated by the formula given above, wo have — = 0*85. 

0 ^ 226 

The effective work wns, therefore, 85 per cent, under the circumstances of the experiment, on a 
level way at full traction, and moving at a slow rate of speed. But wo do not consider this the 
proper way to define tho effective work. 

Influence of the Mode of THstributiijn on the Effective Work. — The theoretical work of tho steam 
is that which would correspond to a fictitious distribution, one which would consume the same 
weight of stoain that we have supposed, but which would utilize this steam perfectly. We will 
suppose, therefore, that the admission is of tho same length as before, say 272 millimetres, but that 
all the remainder of the stroke, say 385 millimetres, is by expansion. The expenditure of steam 
would be the same at the same speed ; but the theoretical work would bo the maximum work cor- 
responding to the given length of admission. 

In this case the theoretical formula becomes 

T = 10000 x , + 2 30 log. + 

If we apply thia formula to the engine type 20, with tho driving lever at the 6th division, wo 
find that the theoretical work to each revolution of the wheels would be 21000 kilogramraetrea 
Tho theoretical work with Htcphenson’s slide-valve, in tho same circumstances, being 18000 kilo- 

gmmmetres to each revolution, we have = 0*86; which allows that tho mode of distribution 

by means of Stephenson's slide-valve reduces, in tho case in question, by 14 per cent, the useful 
work which might be obtained from the steam. 

The actual effective work of an engine being, in our opinion, tho ratio of the useful work 
developed upon the train, to the theoretical work of the steam corresponding to a perfect distri- 
bution, we have as the effective work of the engine in tho case in question, 

— = 0 - 72 . 

21000 4*16 264 

75 .4 00 

Effective Wor* of a Passenger Engine. — As an example of the amount of cffoctivc work in the 
case of a passenger engine, wc will cite tho following experiment; — 
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Train 32, of March 15, 18GG. From Chutcau-Thierry to Paris, a distance of 94 kilometres. 
Mean inclination of the lino, nothing. 

Volume! of water consumed, 5G70 litres. 

Driving lever at the 1st division, regulator half open. 

Mean useful work, 144 horse-power. 

Mean speed, 45 kilometres an hour. 

1 Diameter of the cylinder, 42 centimetres. 

Stroke of the piston, 5H centimetres. 

Diameter of the driving wheels, l'"’C8. 

Length or the admission, on the left aide of the piston, O'* *095. • 

„ „ on tho right side of the piston, 0“* 133. 

The length of tho admission not being tho same on both sides of tho piston, wo shall make the 
calculation for each side. 

Mean pressure indicated by the manometer = 7$ atmospheres. The pressure may rise to 
8 atmospheres ; but the train being light, it did not reach its maximum. 

Supposing the pressure in the boiler of 74 atmospheres to have existed upon the piston 
throughout the admission, the steam to have been expanded throughout tho remainder of the 
stroke, and the resisting pressure throughout the whole stroke to have been equal to the atmos- 
pheric pressure, the theoretical work of the steam is given by the formula 

T = 10000 X « [/> / (i + 2- SO log. ) - p' (f + o] • 

We find for the left sido of the piston, T = 2040 kilogrammMres ; and for the right side of the 
piston, T = 2704 kilogmmmetres. The theoretical work to each revolution of the wheels is 
2 T + 2 T' = 9500 kilogrammetres. But at a speed of 45 kilometres an hour, the number of 
revolutions a second is 2 ‘38, which gives os the theoretical work a second, 9500 x 2 ‘38 = 22G00 

144 

kilogrammetres, or 301 horse-power. Thus the effective work was — = 0‘ 48. It must be observed 

that the engine was not working at its maximum power. 

Note E. — Ihmmsions of the Parts of Engines . — The formula) which wo have already given enable 
ns to calculate the heating surface and tho adhesive weight. It now remains for us to fix tho 
dimensions of the principal parts. Our experiments Icaul to tho following results; — 

Fire-Jnx . — The surface of tho fire-box ought to be not less than ; — from 6 to 8 square metres, 
for a total heating surface of 80 to 150 square metres; from 9 to 10 square metres, for a total 
heating surface of 150 to 200 square metres. 

Cylinders. — The diameter of the cylinders will be from 

38 to 40 centimetres for engines with free wheels, 

40 „ 42 , t for mixed engines, 

42 „ 45 n for engines with 6 wheels coupled, 

48 „ 50 „ for engines with 8 wheels coupled. 

Large cylinders give great power to start a load, but they use a large quantity of steam when in 
motion. In every ease their diameter will be fixed by these two considerations. 

Wheels . — The diameter of the wheels should be sufficiently gnat to prevent a too high rate of 
speed in the oscillating parts. The heavier tho mechanism, the lower will be the limit of this 
speed. We recommend tho following limits (whence result the maximum number of revolutions 
a second) ; — 

2 to 2 m> 30 for express engines, free wheels, 

(V = 80 k ) 3*5 to 3 - 1 revolutions a second ; 

1 ‘GO to l m *80 for passenger mixed engines, 

(V = 55*) 2*8 to 2‘7 revolutions a second; 

1**‘40 for goods engines to be used on a level, 

(V = 30 k ) 1 - 9 revolution a second ; 

1*20 to l m ‘ 30 lor goods engines to be used on steep gradients, 

(V = 24 k ) 1 • 7 to 1 * 6 revolution a second. 

Note F. — Paver of Brakes . — A few observations on the action of brakes may be added to the 
remarks we have already made on the subject of tho resistance of any vehicle running upon a 
railway. 

Usually, brakes are applied so as to stop tho wheels altogether, that is, the wheels are made 
to slido upon the rails while remaining motionless relatively to the vehicle ; usually also, tho 
brake-blocks are of wood, and of that kind of wood which offers the greatest friction, in order to 
reduce the force applied to them. When the action of tho brakes is continued for any considerable 
length of time, that portion of tho wheel which is in contact with the rail is worn away, thereby 
causing a flat surface in the tire of tho wheel, and the wooden blocks are quickly destroyed. To 
remove these two defects, it has been proposed to allow the wheels to revolve slowly in contact 
with the brake-blocks, and to substitute iron for wooden blocks. The question is whether this 
change would reduce tho useful effect of the brakes. For the purpose of solving this important 
ouestion, the following experiments were undertaken. Two trains were made up of an engine, the 
dynamometer car, and a brake-van. The brake-van of the first train was provided with wooden 
brake-blocks ; in tho second train, a van with cast-iron blocks was substituted for it. 

The two series of experiments woro made upon tho same piece of line, when the rails were 
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quite dry. A determinate speed was kept for a certain time, then, at a given signal, the steam 
was shut off; at the same instant the brakes were applied and the train left till it came to a stand. 
By means of the dynamometer air the distance, the speed, and the resistance offered by the brake- 
van were accurately measured. Another modo of experimenting consisted in applying the brakes 
while the engine continued to draw, keeping up during the time of the experiment a uniform 
speed. 

Taule XXIX.— Experiments on the Power of Brakes. 



Nature 
of the 
Brake. 


Number* 
of the Ex- 
periments. 


Speed 
kept up. 


Speed when 
the Steam 
wa* shut off. 


Sliding on 
the lUlla. 


Distance 
Hun while 
Stopping. 


Mean 

Rettetaoce uf 
the Brake. 


ObaervaiicciB. 






klloma. 


ki Ionia. 




metre*. 


kllogft. 






/ 


1 




46 


Complete 


550 


760 


The sliding is complete 






2 




42 




450 


740 


when tho wheels are 


J3 




3 




45 




630 


625 


fixed, partial when 


8 




4 




55 




830 


740 


they turn slowly. 


j=i 




5 




39 




295 


830 




a 




6 




41 




394 


850 


Weight of the brake 


i 




7 


29 








980 


with wooden blocks, 






8 


88 








810 


6398 kilogrammes. 






9 


33 








960 






\ 


10 


41 








880 












Mian res 


stance .. 


817 






/ 


1 




36 


Partial 


262 


1030 


Weight of the brake 






2 


.. 


36 




317 


950 


with iron blocks, 






3 




32 




210 


law 


5730 kilogrammes. 






4 




64 




900 


985 








5 




44 




358 


1110 








0 


„ 


47 




595 


910 








7 




33 




315 


985 




M 




8 


37 








1140 




g 




» 


34 






.. 


1030 




3 




10 


31 








1390 




p 




11 


36 








1080 




jj 




12 


26 








1320 








13 


32 








1220 




3 




14 


64 








260 








15 


36 








1400 








16 


43 








1340 








17 


30 






.. 


1400 








18 


M 








1200 








19 


17 








1000 








20 


28 








1340 








21 


33 




.. 


•• 


1100 












Mean resistance .. 


1100 





Table XXIX. gives the results of these experiments. The mean speed is the same in both 
scries. The resistance of the brakes provided with wooden blocks, when the wheels wort* prevented 
from revolving at all, was 817 kilogrammes, while that of the brake famished with cast-iron blocks, 
when the wheels were made to revolve slowly, was 1100 kilogrammes. Referring these resistances 
to tlio weight of the corresponding brake-van, we And them equal to 

0*128 of the weight for the brake with fixed wheels, 

0*192 of the weight for the brake with wheels turning slowly. 

Thus, a considerably greater effect can be obtained from a brake , by allotting the tchceh to turn slowly 
than by stopping them altogether. 

From a theoretical point of view, this fact may bo explained in the following way ; — 

Let W be the weight of the brake-van; s the distance run from the moment when the wheels 
arc stopped till the train is brought to a standstill, and / tho coefficient of friction of the tiro on 
the rail. 

The negativo work of tho brake will be expressed by W x / x i. 

Again, let f be the coefficient of friction of the tire which turns slowly, and s' the distance 
traversed by a point of the tire, relatively to the rail, during the whole of the time occupied in 
stopping. 

The negative work of the brake will be expressed by W x f X s'. 

If the initial vis viva is the same in both cases, we shall have W/i = W f s'. But we have 
Therefore, f must be greater than /. 

The excess of f over / may be thus explained. 
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Tho effect of the friction of the wheel against the brake-block is to bring the exterior molecules 
of the tire into the position represented by Fig. 2613. 

This position of the molecules is reversed at s 

each revolution by the friction caused by tho 
sliding on the rails. These two frictions in con- 
trary directions, increase each other in a marked 
degree. 

But when tho wheel is fixed, a small flat face 
is formed upon which the sliding is effected with 
greater facility. These hypotheses are confirmed 
by practice. As a matter of fact, the tires which 
rub against the iron blocks are worn out in a 
short time, without in any degree destroying their 
circular form. 

We must remark that the resistance of brakes 
increases as the speed diminishes. This fact is 
showu by Table XXIX., and especially by the 
form which the curves of the diagrams assume. 

We perfectly agree on this subject withM. Bochet, whose experiments ore discussed in tho Annales 
des Mines. 

Note Q. — Lowest Limit to the Speed of Trams. — Tho study of our dynamometrical curves has con- 
vinced us that it is not advantageous to reduce the speed of goods trains to a very low rate, even 
where the gradients are steep. So long as tho train moves at a pretty good speed, the oscillatious of 
the dynamometrical curve ore inconsiderable, as shown by the dotted line in Fig. 2614 : tho 
train being in this case kept steady by tho ns n'rti which it has stored up : but if the train 
moves very slowly, the oscillations of tho curve become great, as shown by the full lino. 




2614. 




In this case, the upper and lower limits h 6, c e, of the oscillations diverge widely from tho line a a, 
representing the mean tractive force ; this force does not sensibly change so long as a speed of 
20 kilometres on hour is not exceeded. We Bee, therefore, that a very low rate of speed, the effect 
of which is to raise tho upper limit h 6, would require greater forces for tho same mean traction. 
Consequently there will be greater risk of slipping. Besides, the production of steam becomes 
difficult when the speed is very low. For these reasons, we think that the lowest limit of the speed 
of trains should be fixed at 12 kilometres on hour. 

Note H. — Resistance of Engines without Tenter*. — The resistances of engines may be considered as 
composed of three elements 

1. Resistances due to tho motion of the engino considered as a mere vehicle; 

2. Resistances due to the friction of the mechanism ; 

3. Resistances due to the additional friction caused by the pressure of tho steam. 

For goods engines with three coupled axles, we found, to the ton ; — 

For the resistances due to the first 6 k • 15 

„ „ „ second 6^05 

„ „ ,, third 3 k 02 



Total 



.. 15k *22 



The total resistance to the ton for a goods engine is, therefore, 1 5 k • 22. It will be noticed that 
tho resistance due to tho second cause is nearly equal that due to the first. 

We were unable to determine the third element in the cast' of mixed engines with free wheels, 
because at the usual speed of those engines we could not make the hv|»thesia on which we calcu- 
lated goods ongincs. There is reason to believe, however, that in this kind of engine, the additional 
resistances due to the pressure of the steam do not exceed thoso found for goods engines, and that 
further, they are about equal to these latter. Admitting this, we shall have approxunatively ; — 



Passenger Engines (Free Wheels'). 

1. For tho resistances due to the first cause 3 k 00 

2. „ M second 2 k -00 

3. „ „ „ third „ 3 k 00 

Total resistance a ton .. .. 8 k, 00 

A fixed Engines. 

1. For the resistances duo to the first causo.. .. .. 5 k, 22 

2. ., n „ second „ 4 k, 38 

3. |, n „ third „ 3 k, 00 



Total resistance a ton .. .. 12 k *60 
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Note K. — Composition of the Grease in use on the Eastern Railway (of France ). — Tho experiment* 
to which we have referred when considering friction in a grease-box, wen* made with the grease 
ainl oil now used on the Eastern Railway. The grease is composed os follows ; — 



Winter grease 



Summer grot so 



/White tallow 0 123 

Grey tallow 0 123 

Palm oil 0-123 

Old grease 0*123 

Pure water 0-388 

l Lye 0120 

1-000 

( White tallow 0 22 

Grey tallow 0*221 

Pure water 0*41 

Lye 0*15 



1*00 



For oil-boxes, nn purified rolza oil is used. 

It will lie seen from the above, that the lubricating substance employed was only of ordinary 
iinality. Ily using better grease, coefficients may be obtained approaching nearer and nearer to 
those found for oil. 

EARTHWORK. Fit., Terrassemcnt ; Ger., Erdbau ; Erdschuttung ; Ital., Laeori di terra ; 
Span., Movimiento de tierms. 

See Embankment. Fortipication. Railway Enoineebino. 

ECCENTRIC. Fr., Exccntriquc ; Gkk., Excentrik; Ital., Eccentrico ; Span., Esafntrico. 

See Cam. Dctails of Engines, p. 1100. Mechanical Movements. 

EFFLUX CHAMBER. Fr., Chambre (Tfconlcmcnt ; Ecouloir ; Okr., Auslavf ; Ansmunditnj ; 
Span., Cdmarama de salida. 

The efflux nnd influx chambers (Brooklyn Water-works, U.S.), at Ridgewood, possess some 
points of novelty that deserve the attention of engineers. 

The influent chamber is placed at the Bouth end of the division embankment, and the effluent 
elinmbor at the north end of the same embankment. Each chamber is arranged to communicate 
with both comi»artments of the reservoir, or with either compartment at will. The distance between 
the two chambers is 1213 ft. Tho water, therefore, received into either compartment of the 
reservoir, from the influent chamber, luis more tlian this distance to travel before reaching the 
chamber whence it is delivered to the city, and during its imperceptible progress, as regards velocity, 
lietween these two points, it lias ample time to deposit any sediment with which it inny have been 
charged. But as it very rarely happens that the water in the conduit or pump-well is affected in 
this way, it usually reaches tho reservoir clear as spring water. For this character of water, two 
divisions in tho reservoir would not have been necessary, as providing from one to the other for the 
intermittent retention necessary to subsidence, one compartment would have equally satisfied tho 
necessities of the case as to that [joint ; but the two are necessary as a means of cleaning and repair- 
ing tho reservoir without drawing off more than lialf of its reserve of water. 

The influent chamber is in length 28 ft., width 10 ft. ; tho bottom is situated 6 ft. below high 
water of tho reservoir, and 4$ ft. below tho centre of tho mouth of tho delivering pipes. From this 
pool, or chamber of water, an open passage communicates with the western division of the reservoir, 
ami auother with tho (astern division. Either of these passages can be shut off by flnah-lxwirds, 
nnd the whole delivery, in that case, thrown into the opposite division. The water, flowing through 
these passages, falls, when tho reservoir is low, into a shallow well of water, placed there to protect 
the paving of the hIojio from tho wear of the falling water ; thence it roaches tho reservoir over a 
brick paving set on edge, laid in mortar, and resting on the heavy stonework of the foundations. 
A portion of the bottom of the reservoir is paved here, to defend the bottom when the water first 
touches it. This paving is of stone, laid in hydraulic mortar. These last details aro not seen when 
the reservoir is full. 

Tho masonry of tho work consists of granite, carried up in courses, the face-stones lieing cut in 
bed and build, and dressed to the tines of the work. The whole is laid in hydraulic mortar, com- 
posed as already described. Figs. 2815 to 2G19 give the details of the foundations and other 
particulars. 

The influent chamber is large enough to receive the terminal pipes of four force-mains, being 
tho number necessary to deliver the waters of four engines, each of 10,000.000 gallons daily capacity, 
covering, therefore, the 40.000,000 of supply contemplated in the design of these works, half of 
which supply is provided for. 

The chamber shows hut two delivery-pipes now, being the mouths of tho force-mains in current 
use. These terminal pipes arc carefully built into the masonry, the back of which, in contact with 
the earthen embankments, is carefully puddled all round, this puddle being connected with tho 
puddle of the reservoir. A separate piece of masonry, situated at the foot of the exterior slope of 
the bank, holds aud envelops the mains there also, and secures the pipes from any longitudinal 
motion within the reservoir grounds, ami from the leakage which such motion might entail. An 
inspection of the sharp inclination upon which the force-main pipes are laid, below the reservoir, 
will show tho risk of some such effect being products! there. 

The effluent chamber. Figs. 2620 to 2024, is arranged so as to connect tho city supply-nmins with 
the water of either division of the reservoir, or with both, at convenience. Kirkwood's object was, 
in both chambers, to simplify as much as possible, the connection of the mains with the reservoir 
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compartments, and at the same time to moke their piped cosily accessible for repairs, complicating 
as little as ]XMsiblc, under such circumstances, the reservoir works. 

The water-space of the effluent chamber is connected, by |osaages 1 1 ft. wide, with the two 
divisions of the reservoir. A heavy granite wall is built across each |ossage, rising to the same 
level as the top of the reservoir banks. In each wall there are four openings, the two lower openings 
being 3x3 each, and the two upper openings 3x4 each. Irou sluices running in iron slides, 
faced with composition metal, cover ami control these openings. From those sluices, iron rods of 
2 in. diameter rise to the top of the work, whero they terminate in screws and gearing for the 
movement of these sluices. The faces of theso iron jdu ices are parallfl; — it is evident now that 
they would have been tighter, had the sluices lieeu wedge-shaped, like the sluice-gates of ordinary 
stop-cocks. The possibility of their getting fixed in tlrnt case, induced the engineers to have them 
made as they are. 

In front of the Bluicca, towards the reservoir, in each passage, copper-wire screens are placed, 

22 ft. in height, to prevent fish, leaves, Ac., from passing into the effluent chamber, and so into tho 
supply-pipes. As a furthor precaution, a screen of similar material defends tho pijM*-mouth. 

Immediately behind the effluent chamber proper, but connected with it, there is a dry chamber, 
open to the surface, except os it is now covered by a movable iron roofing. Tho supply-mains puss 
through this dry chamber, aud it is here that the stop-cocks of these mains and the stop-cocks of 
th« waste-pipes are placed. Into the granite wall, 6 ft. thick, separating this chamber from the 
water chamber, the three mouth-pipes of the three pi|H>mains, each of 36 iu. diameter, are built in 
place. There is but one of these mains in use now, and hut one large stop-cock in the chamber at 
present ; tho mouths of the other pipe-mains are for tho present closed in front. Into the opposite 
wall of the stop-cock chamW, pieces of tho same sized mains are built, in order that when a second 
or third main is required to be laid, it may not be necessary to break into any of tho masonry. In 
the samo chandler tho stop-cocks of the waste-pipes are found. Those waste-pipes are of 12 in. 
diameter, and communicate with each division of the reservoir, their stop-cock* being closed^ except 
when, in the course of drawing the water off either division, tho bottom is desired to be drained off 
thoroughly. This drainage water is carried by a 12-in. pipe to a pond hole on the opposite side of 
the turnpike road. The mouths of these drain-pipes are outside of the copper screens, as will bo 
seen in Figs. 2620 to 2624. 

The bottom of this chamber os well as of the effluent chamber proper, is paved with hard-burnt 
brick, set on odge, and laid in cement mortar. The mosonrv is of blue stone, finished with coursed 
granite, except tho heavy foundations, which are of rubble-work. The whole work is laid in 
hydraulic cement mortar. Tho earthwork of the division embankments, where it connects with tho 
masonry, was carefully rammed, and the puddle wall of the embankment was widened there, so as 
to cover tho whole space between the buttresses. The puddle was enlarged in the same manner 
behind the walls of the infiucut chamber. 

The apparatus for moving tho sluices is protected by a small bouse built over each passage. 

The paving of the reservoir slopes, where they meet the top lines of the banks, is finished by a * 
dwarf wall, and blue stone coping, u|*»n which there is placed a low iron fence. 

ELECTRIC TELEGRAPH. Fu., TdUjgwpht (lectrique ; Geb., Electriach e Telegraph; Ital., 
Tclegrafo elettrico ; Span., TeLfgrafo eUfctrico. 

An Electric Telegraph, or Electro- Magnetic Telegraph, is a telegraph in which tho operator at ono 
station causes words or signs to be recorded or exhibited at another by means of « current of elec- 
tricity, generated by a battery , and transmitted over an intervening wire. 8eo Telegraphy, 

ELECTRO-MAGNET. Fr., Aimant-dtectrique ; Geb., Ekctrischcr Magnet; Ital., Calamita 
teynj“jraria ; Span., /man eUfctrico. 

See Bom no and Blasting, p. 572. 

ELECTRO-METALLURGY. Fr., Electro-imftallunjie ; Geb., ElectromctaUurgic ; Ital^ Elettro- 
meUxllunjia ; Span., Elect rornctalurgia. 

Electro-metallurgy is the art of depositing metals from solutions of their salts upon metallic 
surfaces by the action of voltaic electricity. Tho most extensively known of tho many specific 
processes included under this generic name is that of electrotype, the use of which is; — 

1st To deposit upon a baser metal a thin, continuous, and adherent layer of a more precious 
and less ox i liable metal ; or, 

2ud. To obtain a continuous layer of metal, but not adhereut, and of sufficient thickness to 
allow of its being separated from the subjacent object of which it gives an exact copy. This is the 
real use of tho electrotype, properly so called. 

Bv those processes of tne hyurnplastic art which do not require the aid of electricity, only 
thin layers can be obtained, and the results ore of the nature of those comprised in the find case 
mentioned above. Those deposits arc called direct dejnmts, or deposits by simple immersion ; tho 
rnoBt common being those of gold and silver. We cannot affirm that direct deposits are effected 
without the aid of electricity, for tho presence of two different metals in the fluid product* a real 
galvanic battery. But wc shall retaiu this name for those deposits which ore effected without the 
assistance of a source of electricity external to the hath itself. There are, moreover, deposits called 
deposits by double affinity, which are produced by the contact of two metals in proper solutions. Tho 
most remarkable examples of these deposits are Roeeleur’s process of tinning and the process of 
coppering known as Weill’s. 

Cleaning. — Before we consider these different deposits, we must say a few words concerning the 
preparation of the metals by cleaning. This operation, or rather, this scries of operations, is 
desired to remove from tho surface of tho objects every trace of foroigu substances, previously to 
their being immersed in the bath. This preparation is of the highest importance, for if it is impos- 
sible to obtain a good deposit in a bad bath, it is no more possible to obtain in on excellent bath a 
good deposit upon a piece which has been imperfectly cleaned. 

The mode of cleaning is not the same for all metals, and it may be mechanical or chemical. Tho 
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chemical process gives much more perfect results then the mechanical, but, unfortunately, it can bo 
applied only to copper and its alloys. For all this other metals the chemical nctiou may be em- 
ployed to begin the cleaning, but in nearly all cases it must bo finished mechanically. 

Cleaning Copper and it* Alloys. — The first thing to bo done is to remove all greasy substance’s 
which accumulate on the surface of the metal, either during the processes of manufacture or from 
frequent contact with the hands. This result is obtained by two methods. The first consists in 
subjecting the metal to a temperature producing red heat ; this method cannot be applied to objects 
which have soldered joints nor to those whose fragility would render them liable to injury, nor 
again to those which are required to retain their rigidity and sonorousness. In theso cases recourse 
is had to the second method, which consists in placing the objects for several minutes in a boiling 
solution of potash and soda. 

When removed from this l>ath they are well rinsed and then placed in a mixture of from 5 to 
20 parts of sulphuric acid 60° and 100 parts of water, where they ore allowed to remain until the 
black layer of bioxide of copper is transformed into a reddish layer of protoxide of copper. They 
are afterwards attached to copper hooks of various shapes, according to the weight and nature of the 
articles. Figs. 2025 to 2027, or placed in a kind of strainer mode of grit stone, Figs. 2028 to 2030, 



262 $. 





262 *. 





to enable the operator to shake them easily when passing them through the various acids, and 
which are; — 

1st. Weak aquafortis. This is nitric arid (aquafortis) nearly exhausted by previous use. The 
objects are allowed to remain in it for several seconds. The advantages of employing weak aqua- 
fortis are, 1, a saving of new acids; and 2, a less violent action uj>on those light porta, certain por- 
tions of which ore covered with oxido while the rest is metallic. 

2nd. Strom) (vjuaforti*. This is composed of 

Azotic acid 30° .. .. .. .. 10 litres. 

Sea salt .. .. 100 grammes. 

Calcined soot 100 „ 

The articles are placed in this for somo seconds, then they are ex|iosod to the air until the sur- 
face is covered with a kind of green froth ; they ore then plunged again into the strong aquafortis, 
after which they are well rinsed. 

3rd. Compounds for brightening the metal. When taken out of the aquafortis, tho articles have 
a bright and metallic appearance which seems to indicate a state of perfect cleanliness. It is not 
so, however, and if we attempt to gild by immersion an article just taken from the aquafortis, the 
operation will probably result in failure. The case will be otherwise, however, if wo jass tho 
article through a mixture of 

Nitric acid 36 n 10 litres. 

Sulphuric acid 66 1 ' 10 „ 

frka salt 100 grammes. 
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On bcinp taken from this bath the article will have, a bright and clean appearance, and the 
operation «f dniuiog will have been thoroughly performed. 

If, ins tend of a bright surface, we require a dull one, the formula of the component acids will Ixj 
modified ox follows; — 

Azotie acid 36° 20 litres. 

Sulphuric acid 6tr 10 „ 

salt 100 grammes. 

Sulphate of zinc 200 „ 

The articles must lxi left in this bath from one to ten minutes, according to the degree of dulncsx 
required, and this deduces, which will in all cases be too deep, must be lightened by | Missing the 
articles rapidly through the brightening com pounds. 

Another operation is often performed for the purpose of facilitating the adherence of the metal, 
and it consists in plunging rapidly the articles, after they have undergone the cleansing process, into 
the following solution ; — 

Water 10 litres. 

Azotate of mercury .. .. .. 5 grammes, 

tiulphnric acid 10 „ 




The removal of grease. 

Dath of sulphuric acid. 

Bath of weak aquafortis. 

Bath of strong aquafortis. 

Baths of acid compounds. 

Bath of nitrate of mercury. 

Between each of theee opera- 
tions a thorough rinsing is neces- 
sary. 

Thus a series of puns, arranged 
ns shown in Fig. 2631, are re- 
am red, the rinsing beginning in 
the lowest and ending in the 
highest, which contains water free from acid. 

Fig. 2632 represents; — A, furnaces for heating the articles; B, pan for the sulpliurio acid bath ; 
C, pot of weak aquafortis ; I), pot of strong aquafortis ; R, pot of compounds for dulling the metal ; 
F, pat of compounds for brightening the metal ; G, azotate of bioxide of mercury. 



The above solution is suitable for gold, 
when thick deposits of silver are required. 
The series of operations for the 
complete cleansing of copper and 
its alloys are, thus, tho follow- 
ing;— 



But tho quantity of salt of mercury must be increased 
such as table-plate, for example. 




Cleansing by Meehanioil Means . — Tho cleansing by this means is effected by tho aid of revolving 
or of hand brushes. Figs. 2636, 2637, represent hand-brushes made of fine brass wire. For very 
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2b Clean Silver, Zinc, Iron, ffc . — We hftve already said that the cleansing of metals other than 
copper and its alloys is in nearly all cases effected by mechanical means. The following arc the 
processes for the common metals ,* — 

Silver is first heated either by placing it directly in tho fire or by enclosing it fired in iron boxes, 
and then plunged in sulphuric acid diluted with water. Tho cleansing is afterwards completed by 
brushing. Azotic instead of sulphuric acid is sometimes employed, but if the acid is not free from 
chlorine, chloride of silver will be formed on the surface of the object. 
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delicate objects spun glass is used. The brush represented by Fig. 2638 is intended for largo bronze 
articles. Figs. 2033 to 2635 allow the manner in which these brushes ore employed ; they are also 
used to brighten dull deposits, previously to the operation of burnishing. 

2 * 33 . 2634 . 
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Zinc is cleaned without much difficulty when it is not joined with tin or lead. Unfortunately 
in practice zinc articles are nearly always soldered. In any ease, however, the following process, 
which has hitherto been seldom employed, gives satisfactory results. 

Tho grease being removed by a boiling solution of potash, the articles are passed rapidly through 
a liquid composed of 

Sulphuric acid 6G 3 10 litres. 

Azotic acid 80° 10 „ 

Sea salt 100 grammes. 

This bath should bo used exclusively for zinc, and should not oontain salts of copper, which 
would be reduced by the zinc, thereby causiug a blackened surface. Tho articles must be well 
rinsed and the cleaning oomploted by means of brushing. 

Iron is cleansed by l>cing immersed for several hours in a very weak solution of sulphuric acid 
in water — a hundredth of acid is enough — and then brushed with iron- wire or course short hair- 
brushes. Hydrochloric acid is sometimes used, but sulphuric acid is to be preferred, because it does 
not evaporate like hydrochloric acid. When the metal has been cleaned, it is kept in water 
slightly alkalized, if it iB not required to place it at once in the bath. 

Steel is cleaned in the same way as iron, but it requires to bo left for a shorter time in tho 
acidulated water. 

Aluminium may bo well cleansed in tho following manner ; — 

1. A short immersion in caustic water ; 

2. An immersion of several minutes in pure nitric acid, which does not act upon the aluminium, 
but which destroys impurities on its surface ; 

3. A rapid passage through very weak fluorhydric acid ; 

4. A passage through liquid phosphoric acid. 

If the aluminium is pure, the object, when taken out of the last bath, has a white and brilliant 
appearance. 

Lend and tin cannot be cleaned by means of acids ; recourse must, in these cases, be had to the 
brash and some fine powder, such as pounce. 

Metallic Deposits obtained by Simple Immersion. — Metallic deposits by simple immersion may be 
considered as particular cases of the general law of the precipitation of metals by other metals 
more oxidable. The conditions to be fulfilled in the case we are considering are tho following ; — 
the precipitated metal should form on the surface of the precipitating metal a uniform, continuous, 
and adherent layer, possessing all the qualities peculiar to it, such as brilliancy, colour, hardness, 
unchangeableness, when exposed to the influence of atmospheric agents, Ac. 

It is seldom that the precipitation of metals can be effected with all these conditions without 
the aid of electricity. The general principle of direct deposits is this; — 

If a metal be placed in a solution of another metal less oxhlable, the more oxidable will sub- 
stitute itself for the other metal in the solution, whilst the latter will be precipitated in a metallic 
state in equivalent atomic proportions. 

Most commonly the metal is precipitated in a pulverulent state and has no adhesion with the 
subjacent metal. Sometimes, on the contrary, as iu the cases of gildiug and silvering by immer- 
sion. extremely adhesive deposits are obtained. 

It seems reasonable to suppose that in all cases the effects produced arc not due merely to 
chemical affinity, but that they result in part from the electric current caused by the contact of 
two metals in a liquid which exerts a chemical action upon them. 

It follows from what we have said above that with direct deposits only very thin layers can bo 
obtained, since the action must evidently cease when the whole surface of the oxidable metal is 
covered, there being then in reality only one metal in contact with the liquid. We shall have 
occasion later to notice an exception to this general rale in the case of silvering by tho method of 
dipping with bisulphate of soda, but this does not weaken the theory of direct deposits. 

The following is, according to M. Dumas, the Table of metallic salts reducible by other metals, 
and of those the solutions of which arc not reducible by tho metals ; — 



Halt*, lbe Solutions of 
which an- Irreducible by 
the Mc-tala 



Salts, the Solutiotis of which are Reducible 
by c«ruio Metals. 



Manganese. 

Zinc. 

Biron. 

Chromium. 

Cobalt. 

Cerium. 

Uranito. 

Sitonium. 

Nickel. 



Tin. 

Antimony. 

Arsenic. 

Bismuth. 

Lead. 

Copper. 

SciluriunL 

Nitrate of 
Mercury 



Reduced by iron, 
zinc, ami all 
the above. 



Silver ..> 

Palladium 

Rhodium 

Platiua .. 

Gold .. 

Ortnium 

Sudium 



Reduced by zinc, 
manganese, 
cobalt, and all 
these which 
precedo silver. 



I 

I 



Reduced by iron, 
zinc, and perhaps 
manganese. 
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Berzelius gives the following aeries in which each metal is reduced from its solution by those 
which follow it; — 

Gold, — ailTcr, — uiorcury, — bismuth, — cooper, —tin, — zinc. 

Between the state of the precipitate aua the decomposing force there exists a certain relation. 
In general, a too energetic action gives pulverulent deposit, whilst a tardy action gives either an 
adherent metallic layer, or flakes, or, ngain, crystals. Thus, solutions had to be sought which 
would give up their metal in contact with auother metal, but with sufficient slowness to avoid a 

pulverulent de|M>sit. 

0 tiding by the Method of Dipping. — It was not till a great number of experiments were made that 
the conditions necessary for a good dejiosit were discovered ami fulfilled. We shall describe only 
the most imiM>rtant of these: but we shall give more in detail the methods actually in use. 

Gilding by immersion is applicable only to silver, to copper, and its alloys, or to metals previously 
coppered. Bourne obtained the first success by means of a bath formed simply of a solution of 
chloride of gold, as ueutcr as possible. By this process small pieces of clock-works may be gilded 
with some degree of success ; but the batn soon bccamo acid, which destroyed its efficacy. This 
result, long known bv experience, is confirmed by theory. The gold exists in this both in the state 
of perchloridc Au’Cl*; therefore, there mast be three equivalents of copper entering into dissolution 
for tie<o equivalents of gold precipitated, in order that no chlorine may Ik* set free. An attempt was 
next made to dissolve the chloride of gold in sulphurio etlu>r, with results slightly more satisfactory. 
Maoquer, in his Dictionnairo do Chimie, proposed to employ an alkaline solution instead of the acid 
one. This was the first step in a practical direction. Proust, Pelletier, and Duportal, were perfectly 
successful in an attempt to gild copper with a solution of chloride of gold in carbonate of potash. 
This method was improved by Elkington, who patented his invention in 1836. 

Elkington’s method, which was the only one employod for some years, consists of the following 
processes ; — • 

In an iron vessel, gilded on the inside by boiling an old bath in it, this mixture was placed and 
made to boil. 

Bicarbonate of potash 9 kilogrammes. 

Chloride of gold 240 grammes. 

Water 16 litre**. 

The boiling was continued for at least two hours, the water being renewed as it evaporated. At 

tho expiration of this time, a portion of the gold has been precipitated under tho form of a purplish 
block jiowder. Tho whole is then left to cool and decanted. A second boiling is requisite render 
the hath fit for use ; it is then of greenish colour. 

When baths for gilding by simple immersion in an alkaline solution were first invented, the 
reaction which takes place was explained in various ways. It was even asserted that the perchlnride 
of gold was transformed into protochloride under the influence of certain orgnnic matters, such os 
saw-dust, capable of reducing gold. It was easy to refute this opinion, for Article* which have not 
been dried may bo gilded as well as those which have been dried by saw-dust. 

M. Barrel has propounded a theory which seems to explain facts in a rational manner. Ho 
shows that in a bicarbonate lath two equivalents of copper arc dissolved while two equivalents of 
gold are deposited. Further, he has proved that in a bath absolutely exhausted, we shall find 
chloride of potassium and chloreto of potash instead of bicarbonate. M. Barrel thinks, therefore, 
that for two equivalents of gold precipitated, there are three equivalents of chlorine set free. Two 
of these three equivalents form chloride of copper at the expense of the object immersed, and one 
iquiv&lcnt seizes upon the potash. To represent this reaction, we may, therefore, write the formula 
3Au*Cl a + 6KO + 6Cu = 3 Cu* C1+ 5 C1K + C10*K + 3Au*. 

Or if we admit tho formation of bichloride of copper, we Bhall have 

6 Au* Cl* + 12 Cu + 6 KO = 12 Cu Cl + 5 C1K + CIO 5 KO + 6 Au*. 

The latter reaction is the more probable, on account of the greenish blue tint which the liquid 
assumes. 

Tho whole of the gold contained in this bath cannot Iks utilized. We must stop when a third or 
at most a half of the gold in solution has been deposited. This defect added to that of giving good 
results ouly when the bath is very much concentrated, lias led to the nearly general rejection of this 
kind of bath. 

Ro*ele*r‘» Proce$s . — Tins process is now employed almost to the exclusion of all others. Tho 
inventor, M. Alfred Uoseleur, to whose labour* most of the progress hitherto made in this art is due, 
has furnished us with some practical details, which have been tested by our own experience. 

Tho best bath is composed of 



Distilled water 10 litres. 

Pyrophosphate of soda 800 grammes. 

Cyanhydric acid 8 „ 

Chloride of gold 20 „ 



This quantity of chloride of gold represents 10 grammes of gold treated by tho aqna regalia. 
To prepare this bath, heat 9 litres of distilled water, into which pour slowly, stirring at tho 
same time with a glass rod, 800 grammes of pyrophosphate. When tho salt is completely dissolved, 
filter tho liquid and leave to cool. Place in a glass vessel 

10 grammes of virgin gold ; 

30 „ of pure hydrochloric acid ; 

15 „ of pure nitric acid. 
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Ilcat slightly until red vapours am evolved. Then allow the solution to tako place, which will 
give a deep yellow liquid ; evaporate this liquid until it has reached the consistence of sirup. 
When sufficiently evaporated, the liquid will throw off no perceptible vapours, and it will be of a 
dark crimson colour. 

Dissolve the chloride of gold in distilled water, and filter. This filtration serves to separate the 
chloride of silver which has been formed, owing to the presence of a small quantity of silver, which 
the purest gold of commerce always contains. The niter must be washed several times to tako 
away all the chloride of gold, and the tenth litre of liquid completed with distilled water. Four 
the chloride of gold thus placed in solution into tho solution of pyrophosphate to which prussic 
acid has becu added. This latter acid is not indispensable, but it renders tho action of tho bath 
regular. Tho liouid should bo colourless ; if it has a violaceous tint, it is because too small a 
quantity of cyanhydric acid has been used. This acid must be added with caution, for an excess 
of it would render the plating impossible without Uic aid of a battery. 

A bath prepared in tho manner described above, gives a very good yellow plating upon copper 
or brass articles cleaned by the processes already explained. It may lie used also to gild silver. For 
this purpose, the proportion of cyanhydric acid must be slightly increased, and the articles boiled 
for about half an hour in the liquid so obtained. The thickness of tho layer may bo increased by 
moving the articles with a copper or zinc rod. 

The gilding of copper moy, by this method, acquire a certain thickness, if tho article be dipped 
into n very wenk solution of nitrate of mercury beforo it is placed in tho both. By repeating this 
operation several times, several successive layere 
of gold may be deposited, for instead of the gilded 
surface having no action on the bath, we expose 
successively a layer of mercury, which is dissolved 
iu the bath, and is replaced on the surface of the 
object by a fresh quantity of gold. 

In this way, by means of simple immersion, a 
plating may be executed capable of rivalling that 
obtained by means of the battery. 

When taken from the bath, the articles are 
well rinsed and dried in hot saw-dust. If they 
arc hollow, they must bo dried in a stove heated 
up to 7(T or W 9 . Fig. 26351 represents a small 
stove with a saw-dust box and metal sieves for 
separating the saw-dust from small articles. These 
articles being too small to be brushed are aom«?- 
times sifted to render them bright. Figs. 2640, 

2641, represent two of this kind of sieves. Their 
arrangement and mode of action will be Been by 
the figures. 





If it happen, which is but too often the case, that on being taken out of the bath the plating is 
found to be imperfect, either on account of accidents or on account of having neglected some of the 
precautions wc have pointed out, the defect may be remedied by a process called by the French 
wins t n cvuleur. 

This consists in covering the defective articles with a mixture of the following salts dissolved in 
their water of crystallization : — 

Sulphate of iron 
Sulphate of zino 

Alum 

Azotatc of potash 



Equal parts. 
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The articles are then placed in a cylindrical furnace, FigB. 2642 to 2644, having in the middle 
an empty Bpoce into whicli the heat radiates, and the heating is continued till tho salts undergo 
igneous fusion. The articles are then plunged into water containing sulphuric acid. The salts are 
rapidly dissolved and tho gilding appears with a beautiful warm and uniform tint. If there be 
parts too highly coloured they may be reduced by striking them with the long bristles of a brush, 
as represented in Fig. 2645, 



2042. 2613. 2644. 




The above process cannot bo employed on very fragile articles ; tho only remedy in this case 
being the battery. 

Such is the method of gilding by immersion adopted by nearly all gildora It ia especially 
adapted to bhiaII articles of jewellery, but it may be employed for larger objects requiring a rich 
gilding. Skilful O(>orators gild daily thousands of articles by this method, equal in appearance 
and solidity to those gilded by the electric process. 

If we compare Roselcur’s to Elkington’s bath, we see at once the advantages of the former. 
Dilution in the one, concentration in the other; rapidity in the former, loss of tirao in the latter ; 
ability to use nearly all the gold in tho pyrophosphate bath, inability to use more than half the gold 
contained in the bicarbonate; the possibility of depositing at pleasure a small or a large quantity 
of gold with the one, much narrower restrictions with the other. Wo say this, not to detract from 
the merit of the famous English inventor, who was the first to discover a really practical process, 
but to show the advantages offered by the new method. 

With the pyrophosphate both wo may, if we choose, deposit only 0*50 gramme of gold upon a 
kilogramme of jewellery. Small as this’ quantity is, it ia too large for some manufacturers who 
desire only the appearance of gold. The following bath will satisfy them ; — 

Water 10 litres. 

Bicarbonate of potash 200 grammes. 

Caustic potAah 1 ’ 800 kilogramme. 

Cyanide of potassium .* 90 grammes. 

Chloride of gold 20 grammes. 



This will give a very light, but sufficiently adhesive gilding. 

Gilding Aluminium by the Dipping Process , — A process invented by M. Maioho for gilding alu- 
minium, if not of great practical value, possesses interest from a scientific point of view. 

Tho bath which he uses is formed of 



Gold transformed into ammoniarct .. 10 grammes. 

Cyanide of potassium 20 „ 

Distilled water .. .. 10 litres. 



Tills bath used cold gives an adhesive gilding upon aluminium. The aluminium must be 
cleansed and rubbed with pounce before it is nut into the bath. 

Silver Plating by the Method of Dipping . — Tno oldest method of silvering is by boiling. By this 
means an exceedingly small quantity of silver might be deposited upon copper. The iol lowing is 
the commonest formula ; — 



Silver, or chloride of silver 30 grammes. 

Powdered cream of tartar 2*50 „ 

Sea salt .. .. .. 2*50 „ 



This is miulo into a mate and kept in an opaque vessel for use. The articles are placed in a 
kind of basin pierced with holes, nnd plunged into uoiliug water contained in tho lower nosin, Fig. 
2646, to which several spoonfuls of the silver paste have been added. The surfaces of Uie articles 
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are afterwards brightened by mean* of the sieve, for this kind of silvering is too alight to bear 
brushing. 

A somewhat thicker plating may bo obtained by means of tho following solution ; — 

Distilled water .. 5 grammes. 

Caustic potash . . .. 160 „ 

Bicarbonate of potash 100 „ 

Cyanide of )>otas8ium 60 „ 

Azotnte of silver .. 20 „ 

This bath is employed chiefly for articles 
used in carriage building. 

All baths of double cyanido of silver and 
of |»ota*£iuiu whiten copper, even when cold, 
wlieu they have a great excess of cyanide 
of poto-ssium. To make true silveriug baths 
of them, they have only to be raised to the 
temperature of 70° or 80°. 

The following is ono of tho formula} 
which give tho best results ; — 



Water 20 litres. 

Cyanido of potassium 500 grammes. 
Azotato of silver .. 150 „ 



This bath gives a brilliant plating, but rather light, and is especially adapted for those articles 
of jewellery which are too fragile to bear brushing : the time oi immersion should be only a few 
seconds. The cyanide of potassium employed in this bath consists of about 65 per cent, of real 
cyanido and 35 per cent, of carbonate of fmtash. 

Silvering with the Cold Bath. — This method, which is comparatively seldom employed, gives the 
whitest and the most unchangeable plating, and is the most economical. It is not suitable for very 
thick deposits, but it givos excellent results when only a thin or a moderate thickness of plating is 
required. 

This process, invented nearly twenty years ago by M. Roeeleur, and exclusively employed by 
him, is as yet hardly known to silverers. We, therefore, deem it useful to enter into minuter 
details. 

A liquid bisulphite of Boda is first prepared by pouring sulphurous acid into a concentrated 
solution of carbonate of soda until all the carbonic acid has been displaced by the sulphurous acid. 
The liquid should be slightly acid, and should redden slightly turnsole-blue paper. It should mark 
from 24° to 26° on the salinometer. 

Having prepared a solution of 100 grammes of nitrate of silver in 1 litre of distilled water, it 
is poured gently into the bisulphite of soda, stirring at the same time to cause the white precipi- 
tate of sulphite of silver, which is formed by the contact of the two metals, to disap|M>ar. Being 
dissolved in an excess of sulphito of soda, this precipitate forms a double sulphite of soda and 
ailver, which constitutes the bath. 

By placing copper or brass articles, previously cleansed, into this bath, wo may obtain, accord- 
ing to the time or immersion ; — 

1. A coating ns light as we wish, and perfectly white and bright. An immersion of a few 
seconds is sufficient for this purpose. 

2. A moro solid plating, such as is required for jewellery. A quarter of an hour is sufficient to 
produce this result. 

3. A dull plAting, equal to that produced by the battery, for nil articles which do not require a 
very thick deposit. 

The both must be kept up by adding alternately salts of silver and bisulphite of soda, taking 
care to put into the both as much salts of silver as it can easily dissolve. A deposit is gradually 
formed on the bottom and the sides of the vessel ; this deposit must be removed from time to time 
By pouring off tho liquid. 

What we have said abovo with respect to the obtaining, within a certain limit, any thickness of 
coating, Beems to contradict the theory which we have already given. But we have in tho case of 
the bisulphite bath a double phenomenon. At first the deposit is effected by the ordinary reaction 
— that is, one equivalent of copper is substituted for ono equivalent of silver in the solution, whilst 
ono equivalent of silver reduced to the metallic state affixes itself to the copper article. But, 
besides this action, auother is produced, due to the special composition of the bath, and in virtue 
of which the action of depositing is continued. We have, in fact, brought together sulphite of 
so«la and sulphite of oxide of silver, or, for this latter, sulphurous acid, oxygen, and silver. But 
silver has little affinity for sulphurous acid and oxygen : sulphurous acid, on the contrary, has 
great affinity for oxygen, and has a tendency to transform itself into sulphuric acid. We may, 
therefore, naturally admit that the silver of the sulphite of silver is deposited in a metallic state 
upon the objects, and that the sulphurous acid of this substance combines with the oxygen to form 
sulphuric acid, and, consequently, sulphate of soda. 

This fact may be represented by the following formula ; — , 

SO* NaO, SO* AgO = SO* NaO + SO* + Ag. 

It is difficult to explain, except by the love of routine, why this kind of buth, the advantages of 
which are so obvious, has not been moro generally adopted. Requiring no heating, besides tho 
saving thereby effected, it is always ready for use, and is not restricted by the size of the vessel, os 
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in the ease of hot baths. The battery - in not required, and the weight of the silver deposited is 
always proportional to the time of immersion, a fact which enables us to calculate exactly the valuo 
of the plating. Again, bisulphite of soda is a harmless and a not very costly article. 

Tinning by the Method of Dipping. — A hot solution of 300 grammes of alum and 10 grammes of 
protochloride of tin in 20 litres of water give* a bath by means of which a very light deposit of tin 
may be made upon iron and zinc. This mere pellicle is incapable of preserving the metal from 
oxidation, and is used only for the commonest objects or as a complement to the cleansing before 
immersion in other baths. Large quantities of hooks and eyes are tinned by this process. 

Antimony Plating by the Dipping Process, — Antimony is firmly deposited upon copper and its 
alloys, without the aid of a battery, in a bath composed of — water, 10 litres, oxichloride of anti- 
mony, 20 grammes. The liquid should bo slightly acidulated by means of hydrochloric acid, and 
used boiling. In this bath articles arc in a few minutes covered with a beautiful coating of 
antimony. 



Coopering Zinc by the Dipping Process. — Zinc which is to be gilded must first he covered with a 
tolerably thick coating of copper. For this operation, recourse is hud to two baths which are suc- 
cessively employed. The first, with a cyanide of potassium base, is used with a voltaic battery, 
and the article receives in this first hath a sufficient coating of copper to preserve it from the acid 



action of the second, which is an acid solution of sulphate of copper also used with the battery. 

The cyanide of jtotassium hath is too expensive relatively to the low price of the articles manu- 
factured, and therefore much is to bo gained by substituting a dipping hath for the cyanide of 
potassium and the electric l>aths. The following is suitable for this purpose; — 

A quantity of cynuhydric acid, sufficient to produce saturation, is applied to common ammonia 
at 22'"', and into the liquid thus obtained an aminoniacal solution of any salt of copper is poured, 
lty this means a double cyanide of copper and nmmonium is formed very suitable for coppering 
stine, on the condition tliat it always remain highly alkaline. The following proportions give the 
beat results ; — 



Liquid cyanide of ammonium 1 kilogramme. 

Distilled water 20 litres. 

Acetate of copper 200 grammes. 

Ammonia 22* 100 „ 



The plating thus obtained is of a beautiful light red colour and remarkably adhesive. 

Coppering Iron by the Dipping Pntcess. — Iron wire and certain small articles are sometimes cop- 
pered by this process. It consists in immersing the articles rapidly in an acid— a weak solution of 
sulphate of copper. A very thin coating of copper is thus deposited, to which the draw-plate 
gives a little more adhesion and brightness. If the immersion were not made rapidly the iron 
would be acted upon by the acid of the bath, and the copper would bo reduced under the form of 
a brownish red mud having no adhesive quality. 

Metallic Deposits by Double Affinity. — We denote by this term those deposits which are effected 
in certain liquids in the proaenoo of two metals, one of which substitutes itself for the metal 
in solution, whilst the other receives the deposit of the metal which was primitively in solution. 

There is really a galvanic action resulting from the contact of two metals in a liquid which 
exerts a chemical action upon them, but in the majority of cases a special phenomenon seems to l»o 
produce! of a nature more particularly chemical, for the weights of the metal dissolved and of the 
metal deposited are not in equivalent atomic proportions. 

Nearly all baths by simple immersion act more rapidly when a piece of zinc is plunged into it 
simultaneously with the object to be plated and in contact with this latter. On the other hand, 
nearly all galvanic baths give a metallic deposit in the same conditions, only this deposit is slow. 
Two processes only — Roeeleur’s method of tinning, and Weill’s method of coppering — offer real 
advantages and are thoroughly practical. 

Wei if s Method of Coppering . — This process enables us to obtain, without heating, an adhesive 
deposit of copper upon iron and steel by immersing it in an alkn lino-organic both in contact with 
zinc. The Imtli is composed of a salt of copper, held in solution in caustic soda, bv the pre- 
sence of an organic matter, such as tartaric acid, double tartrate of soda and potash, glycerine or f 
albumen. 

Experience has shown that the following proportions give the best results ; — 

Sulphate of copper 350 ti 

SeigneUc’s salt 1500 

Caustic soda 800 

which correspond to two equivalents of tartaric acid for one equivalent of salt of copper. 

]3y dipping successively the baser metals into this solution, we obtain various results, which 
may be summed up iu the three following observations; — 

1. The metals whoso oxides are iusolublo in caustic soda are plated only by means of the 
contact with zinc. 

2. The metals whose oxides are soluble in the fixed alkali, and which form only one salifiable 
oxide, are covered with a very thin coating, which does not increase with the time of immersion. 

3. The metals which may form several salifiable oxides, soluble in the fixed alkali, do not 
become plated in the solution, and they decompose it in contact with ziuc, giving a precipitate of 
protoxide of copper. 

The practical conclusion from these observations is that the really important application of 
the bath in question consists in depositing, by contact with zinc upon iron and steel, an adhesive 
coating of copper, of good quality and vnrying in thickness according to the time of immersion. 
The thickness of this coating may, in case of need, be increased in the galvanic bath, for the • 
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metal ia sufficiently protected against the action of the sulphuric acid by this first coating of 
copper. 

The cleansing of iron is accomplished in the same way for this hath ns for others ; it is Worthy 
of remark, however, that the cleansing is completed in tho bath itself, for tho oxide of iron is 
soluble in the alkalino-orgauic solution. 

Tho time of immersion varies, 3 to 72 hours. Tho bath iB kept up simply with sulphate of 
copper and, from time to time, with caustic soda. The Beignotte’s salt is not decomi»osed, and 
remains in the bath almost indefinitely. 

By varying the respective proportions of salt of copper and of double tartrate of soda and 
potash, so as to have only one gramme of tartaric acid to one gramme of salt of copper, we obtain, 
no longer a good plating, but a scries of very curious and permanent colorations which are pro- 
duced always in the same order, namely, orange, white, light yellow, deep yellow, crimson, green. 
If the immersion is continued after the green has been produced, the metal assumes a brownish 
appearance, not pleasiDg to tho eye. These various colourings may be utilized in the decoration 
of cast-iron objects now extensively used in architectural ornamentation, as they resist sufficiently 
atmospheric agents. 

The alkalino-orgnnic bath dissolves various metallic oxides, and gives deposits of mrtnls 
other than copper. The action of baths compounded with various oxides is summed up in the follow- 
ing lines taken from the Annalea do Physique et deChimic; — “The metals of the metallic oxides 
of the formula tn* (>*, which ore at the same time susceptible of forming a salifiable protoxide, are 
capable of being precipitated upon copper from their nlkalino-organic solution in contact with 
zinc and under the influence of neat, a phenomenon which ia then accompanied by a liberation of 
hydrogen; tho analogous metals which form only one salifiable sesquinxiue, such as alumina and 
oxide of chrome, are not. Copper is directly reduced from its alkalino-orgnnic solutions by iron, 
steel, and so on, under the form of an adhesive coating, in contact with zinc and at the ord inary 
temperature. Under the influence of heat these metals receive, on tho contrary, only various 
colorations which will not resist the action of the brush.” 

Galvanic action undoubtedly plays an important part in copper-plating ; but it seems clear 
that it is also due in part to a more specially chemical action, for zinc itself becomes plated with 
copper, and tho decomposing action is continued none the leas. Again, a very small quantity of 
zinc and a few points of contact arc sufficient to enable the deposit to bo effected in good con- 
dition. And the quantity of zinc dissolved is far from being proportional to that of the copper 
deposited. 

Tinning by Double Affinity. — Boseteur anil Iinurhcr’n Process . — This process, which was patented 
a fow years ago by the inventors, gives remarkably good results, and is now widely employed. It 
is used especially in tho manufacture of kitchen utensils, hooks and eyes, pins, and so on. A 
medal, 80 centimetres in diameter, representing the Emperor Napoleon III., and tinned by this 
process, was exhibited in the Paris Exhibition of 1867, ami such was the perfection of this tin- 
plating that many visitors took it for silver. An idea of the efficacy of this deposit in protecting 
iron may be gathered fmm the fact that several articles, tinned by this process, which lmd gained 
a Prize Medal in London in 1862, were again exhibited in Paris in 1867 without having been 
touched in the meantime. 

We will give a description of the process in the words of the inventor; — “ The bath may vary 
greatly in its composition ; hut the following two formula* attain the object rapidly and surely. 
Wo much prefer the second, however, which offers the single objection of being based on tho 
employment of a salt that all manufacturers do not 
always obtain from a very regular composition. 

“ First formula ; — 



Distilled water .. 
Cream of tartar .. 
Protochlorido of tin 



300 litres. 

3 kilogrammes. 
300 grammes. 



The whole being dissolved gives a colourless solution, 
but with a strongly acid reaction, which constitutes 
the hath. 

“Second formula;^ 



Distilled water 
Pyrophosphate of potash 
Acid protochloride of tin 
The same, dissolved . . 



300 litres. 

6 kilogrammes. 
600 grammes. 
2-400 kilogrammes. 



The whole is dissolved at the Bnnic timo upon a metal 
sieve, and after being shaken there remains a clear 
liquid, which is the bath. 

“ One of these solutions is placed in a cask staved 
in at the top, and of sufficient capacity. This cask. 

Fig. 2647, receives in the lateral part of its base, but 
at different heights, the two pipes of a small metal 
boiler fixed over a furnace beneath the bottom of the 
vat ; the pipe A which is on a level with tho bottom 
of the cask reaches, at its other end, nearly to the bottom of the boiler; the pipe B, on the contrary, 
the one which enters the vat higher up, at 6 or 8 centimetres from the bottom, comes from the top 
of the boiler. This boiler has a third pipe in 8 which serves to protect the workmen from an 
explosion, in case there were an olwtruction in tho pipes communicating with tho cask and tho 
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boiler. It will be seen that the things being thus arranged, and the liquid filling both the vat and 
the boiler, if we heat the latter, the liquid which it contains being expanded by the heat, will 
become lighter nml will ascend to the top of the vat by the pipe which enters highest into it, but 
at the same time the vacuum will be filled with an equal quantity of cold, and consequently heavier 
liquid, which will enter from the vat into the boiler by the pipe which is inserted at the bottom 
of the latter. By this means a continual circulating motion is kept up which will constantly 
bring the coldest portion* into the boiler, while the hottest are driven out by virtue of their less 
density. This method is not designed merely to heat the liquid, but to keep the bath in a state 
of continual agitation, and to renew os they become exhausted the portions of the liquid which 
touch the article* to be tinned. 

“ When it is required to tin large articles, such as culinnry utensils, for example, they may, 
after being cleansed ami rinsed, lx* thrown careless into the bath with some fragments of zinc, or, 
better still, with some spirals of this metal ; these latter injure less by their contact the articles 
to be tinned. When, on the contrary, the articles are very small, such ns pins, honks, tacks, and 
so on, they are arranged in beds of 2 or 3 centimetres thick upon pieces of zinc pierced with small 
holes to allow the passage of the liquid, and provided with a rim to prevent the articles from 
rolling ofi*. These pieces are let down into the bath hy means of numbered chains, in order that 
they may be pulled out in the oppoaite directum. These pieces of zinc must lx> cleaned 
occasionally. 

“ The time of the operation may vary from one hour to throe, after which the whole is taken 
out to introduce into the bath 250 grammes of pyrophosphate, and the same quantity of dissolved 
protochloride of tin. While these salts are being dissolved, tin* larger articles aro brushed, and 
the smaller moved by means of an iron fork to change the points of contact: the whole is again 
placed in the bath for at least two hours. These two successive immersions and this minimum 
time are necessary to give a good tinning. It only remains now to brush the larger objects again, 
if they are required to be bright, and to sift the smaller ones, and to dry the whole in very hot 
and dry pine saw-dust 

“ If it be observed that the deposit of tin, though abundant, is grey and dull, the bath must bo 
charged once or twice with acid protochloride of tin ; if, on the contrary, the deposit is very white, 
but puffy and of no adhesion or thickness, the acid salt must be suppress**! and replaced by 
drawing ofT. In this case also, the quantity of salt of tin may be diminished, and that of the 
pyrophosphate increased. 

“When a bath has been used for a long time, it must be drawn off to separate from it the 
pyrophosphate of zinc which has been formed. When after some years it is quite worn out in 
consequence of an alteration of tho salts, it may be put aside to keep articles in which have been 
cleaned.” 

Galvanic Dejmits in Thin Coatings. — We come now to that part of the art of coating the baser 
metals which, whether wo consider the wonderful variety of its productions, or tho iminenso 
quantity of articles it furnishes to commerce, is by far the most important. Gold and silver 
plating are the most usual of these metallic dcixwits; and it will be found interesting to examino 
tin* successive transformations which hove led this art to the degree of perfection in which it now 
is, and beyond which it seems impossible to go. 

Hardly had Volte invented the admirable instrument which hnB rendered him famous, when 
it was attempted to apply the lmttcry to the decomposition of metallic solutions. Volta himself, 
Nicholson, and Cruikshank had npplied the battery to the precipitation of metals, but without 
thinking of obtaining them in the social state which constitutes the qualities of a good metallic 
deposit. The deposits which they obtained were pulverulent, lamellate or crystallized, but not 
continuous or adhesive layers. 

Brugnatelli, a pupil of Volta’s, afterwards his colleague in tho University of Tuvin, was tho 
first to obtain, in 1802, a deposit of gold and silver offering the aspect of a regular and uniform 
layer, such as is required for gold and silver plating. Brugnatelli even succeeded in depositing 
plntinn ; but this metal was reduced to the state of a very fine powder, which required friction to 
give it brightness and adhesion. 

The solutions employed by Brugnatelli were alkaline; they consisted of ammoniarets of gold, 
silver, or plntina, that is, the product obtained by treating the chlorides of gold and plntina, or the 
azotate of silver, by ammonia. There is much obscurity in the descriptions of Brugnatelli, but 
according to the Journal de Physique ct t'himie of Van Mens, his method was as follows; — 

“The most expeditious method of reducing, by means of the battery, dissolved metallic oxides, 
is to make use of their ammoniarets; by placing the ends of two conducting wires of plntina into 
ammoniaret of mercury, tho wire of the negative polo speedily becomes covered with small particles 
of this metal.” 

“ I have recently gilded,” says the same chemist in another journal, “ in a most perfect manner, 
two large silver medals, by putting them in communication by means of a steel wire with the 
negative pole of a voltaic battery, bolding them one after the other in ammoniarets of gold recently 
prepared.” . . . 

MM. Barrel, Chevalier, and Henri, tried to reproduce Brugnntelli’s operation by following his 
descriptions, but with very imperfect results, tho nature of the dissolvent employed by the learned 
Italian not being known. But as there is nothing to lead us to suppose that Brugnatelli wished 
to envelop the subject in mystery, wo are induced to supitosc that this dissolvent was the liquid 
itself in which the ammouiaret was precipitated. And, in fact, if we take a solution of gold in 
aqua regalia, and if, without evaporating it to get rid of the excess of acid, we pour into it an excess 
of ammonin, we obtain the precipitate of ammoniaret of gold : but this precipitate redissolves itself 
in part, especially hy tin! action of heat, in the ammonmcal salts which have been formed. It is, 
therefore, probable that Bnignatelli’s solution was a double chloride of gold aud ammonium, and 
not uiumoniarct of gold. 
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Tho problem was perhaps already solved from u at ion tide point of view; hut it was far from 
being solved practically, and many yean passed without any serious application Itcing made of it. 
At length, in 1825, M. de la Hive, of Geneva, resumed the experiments of Drugnntelli, and attempted 
to decompose chloride of gold by means of the battery. His efforts were unsuccessful, except in 
the ease of platina, the only metal that is not sensibly acted upon by the chlorine set free by the 
dr«on)|tfi«ition of the chloride of gold. It was not till 1840, that is, after the lulxmrs of M. Beoqueml 
in the matter of applying electro-chemical decompositions to the treatment of ore. that M. de la 
Rive realized the idea of employing the simple apparatus for the application of gold upon the other 
metals. The following is his process; — 

A very weak solution of gold is placed in a cylinder of gold-beater's skin, which cylinder is 
placed in a vase full of water acidulated by a few drops of sulphuric acid. In the outer vase is put 
a piece of zinc which communicates by a metallic wire with the object to be gilded, the object 
being placed in the cylinder of gold-beater’s skin. The solution of gold should be ns neutral as 
possible, and a very weak current must be employed. Notwithstanding these precautions, the 
gilding is far from perfect, nnd the process is open to several objections, the chief of which are the 
slight adhesion of the gold, and the great loss of metal occasioned by tho contact of the solution 
with the skin, and the endosmose which is gradually effected through the membrane causing the 
gold to lx* precipitated upon the zinc. 

It became necessary, therefore, to discover a better method if galvanic gilding was to l>o made 
a useful art. Eisner showed that the defective adhesion was owing to the acidity of the auriferous 
liquid, and Boettger, profiting by these observations, succeeded in gilding in a double chloride of 
gold and potassium. 

But the complete solution of the problem nnd the first really practical application of electro- 
plating are due to Messrs. Klkington, of Birmingham. In September, 1840, Henry Elkington took 
out a patent for gilding copper by means of a solution of oxiuo of gold in prussiate of popish. At 
first he employed the simple npjiumtu.s in tho production of the galvanic current. His apparatus 
differed from that of l)e la Rive's in having n vase of porous earth instead of gold-beater's skin. 
At the same time Richard Elkington patented a method of applying silver by means of the gal- 
vanic current and a solution of chloride of silver, in prussiate of )x>tash. 

From this time electrochemical gold and silver plating may bo considered to have been dis- 
covered. M. de Ruolz followed with the compound apparatus aud n large number of solutions, the 
chief of which are; — 

Cyanide of gold dissolved in simple cyanide of potassium. 

Cyanide of gold in yellow prussiate. 

Cyanide of gold in red prussiate. 

Chloride of gold in the same cyanide*. 

Sulphuret of gold in aulphurct of potassium. 

M. de Ruolz attempted also to deposit other metals, and succeeded in depositing brass by tho 
electric, process. 

If, therefore, the merit of having discovered electro-plating has been wrongly ascribed to M. de 
Ruolz, since he had been preceded by several months by the Messrs. Elkington, wo should be doing 
him an injustice if we withheld from him the merit of having endeavoured to improve ami gene- 
ralize the processes of tho English manufacturers. 

MM. Roseleurand Lanaux succeeded in obtaining platina inadhesive coatings of any thickness, 
and M. Roselcur, bv applying phosphates and sulphites to the dissolution of various metallic oxides, 
rendered thoroughly practical most of the operations of electro-metallurgy. 

Many other chemists aided in bringing this beautiful science to the present degree of perfec- 
tion ; but we have said enough to give an idea of how it grew into existence. We will now consider 
the processes actually in use, prefixing, however, a few words on the galvanic batteries most gene- 
rally employed. 

Batteries . — Almost every day we hoar of some inventor extolling the merits of a new pile endowed 
with every imaginable quality. Unfortunately, on testing this wonderful invention, we find in 
well-nigh every case that no progress whatever has been made, and this negative result is not sur- 
prising, for most of these pretended inventors are ignorant of the very rudiments of physics and 
chemistry. Though there is at the present time a large number of batteries of various systems, 
three only, Bunsen’s, Stnee’s modified, and Daniell's, are generally employed in electro-plating. 

Bunsen’s pile is employed whenever a strong current is required. This pile is by fnr tho most 
frequently u«d, notwithstanding tho objections to which it is open, and which are, chiefly, the cost 
of keeping it iu working order, the employment of nitric acid which emits disagreeable nitrous 
vapours, and the shortness of its duration. It is hardly necessary to describe this battery , which is 
well known. It will be seen that it is composed of an outer vessel of stone or porcelain, a zinc 
cylinder, a ftornus cylinder or cell, and a cylinder of carbon. Ordinary nitric acia is placed in the 
porous cell, and in the outer cell or containing vessel, water acidulated with two or three hun- 
dredths of sulphuric acid, and containing a salt of mercury (1 or 2 per cent.) for the purpose of 
amalgamating the zinc. 

The elements of the battery are connected by establishing a communication between the carbon 
of the first element or cell and the zinc of the second, and so on with the whole. A zinc remains 
free at one end and a carbon at the opposite end ; the articles to be plated are put in communica- 
tion with the zinc (the negative pole) and the acid with the carbon (the positive pole). 

Smee’s battery modified is employed chiefly in electrotyping ; it is less powerful than Bunsen’s, 
but more convenient nnd less expensive. It consists, as will be seen by merely inspecting, of a 
gutta-percha trough, having on the inside three vertical grooves. In one of these grooves retort 
carbon is placed : the other two contain zinc. To put this battery in action, the vessel is filled 
with water saturated with sea salt, or acidulated with a twentieth of sulphuric acid. Sometimes, 

4 T 2 
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especially in large apparatuses, the carbon is omitted in favour of silvered and platinized plates of 
copper. 

Dan jell's batten', which, by means of a happy modification, will give a constant current for 
several months without requiring any care. To put this battenr in action, the porous and the 
glass vessels are filled with water, and the outer vessel with acidulated water. This battery is 
especially suited for gilding very small objects, such ns watch-works, for example, and for all 
operations which require only a weak current. 

Finally, we have to call attention to a recent invention due to M. L6oIft&ch£, and which is very 
satisfactory both as reganls the duration and the regularity of the current. It consists of an outer 
glass vessel containing sand, chlorhydrate of ammonia, and a very small zinc cylinder: and a 
porous vessel containing bioxide of manganese agglomerated by a gummy solution, in which is 
placed a copper rod. 

Galvanic Gilding . — Galvanic gilding is accomplished both with and without heat: with heat for 
articles of small dimensions, such as jewellery and table services; without heat for larger objects, 
such as clocks and chandeliers. 

It was long believed that gilding effected with heat was less resisting than tliat obtained with- 
out heat. Tho truth is, on the contrary, that with an equal quantity of gold the former is much 
more solid than the latter. The fact of the former method being employed for small articles of 
little value, in which case small quantities of gold are used, caused the error to obtain credence. 
The following two formula) are those oftenest employed in gilding without heat ; — 



Distilled water 3 litres. 

Puro cyanide of potassium 30 grammes. 

Virgin gold (ns a chloride) 10 „ 



This bath is prepared by dissolving separately the chloride of gold very neutral and tho cyanide 
of potassium, and then pouring tho former solution into tho latter. This bath, especially when it 
has i>een recently prepared, is a rather bod conductor; and tho second formula, which gives more 
regular results, is to be preferred ; — 



Distilled water 3 litres. 

Pure cyanide of potassium 25 grammes. 

Carbonate of potash 100 w 

Ammoniaret of gold from 10 „ of gold. 




The ammoniaret of gold is prepared by pouring an excess of pure ammonia into a solution of 
chloride of gold. The precipitate is collected upon a filter, washed, and without drying, for this 
compound is explosive ; tho filter is cast into the solu- 
tion of cyanide of potassium previously prepared ; this 
is boiled an hour and filtered to take away the paper 
of the first filter. A sufficient quantity of water to 
make 10 litres is then added, and as soon ns the bath 
is cold it may be used. 

Cold baths are usually placed in wooden troughs, 
lined with gutta-percha, and of the tdiajio of those 
shown in Fig. 2618. Tho |>oeitivo pole is put in con- 
tact with a plate of gold or plntinn, while the nega- 
tive polo is in communication with a copper stand 
supporting tho articles to bo gilded. 

It sometimes happens that objects gilded in tho 
cold bath havo an unsatisfactory colour; this may be 
remedied by dipping the object into a solution of nitrato 
of mercury and subjecting it to the action of heat, or 
by rubbing over with boiled borax, then heating it, and 
finally washing it in water acidulated with sulphuric 
acid. To avoid nil chances of failure, recourse should 
bo had to hot baths whenever practicable. 

The following two formula) give excellent results ; 
tho second, however, is to be preferred on account of 
the regularity of its results, and also because it allows 
a very thin coating to be deposited, if such bo desired, 
of a very beautiful appearance. 

First formula ; — 



Distilled water 100 litres. 

Gold, as a chloride 130 grammes. 

Pure cyanide of potassium 300 „ 

Carbonate of potash 130 „ 



Second formula; — 

Distilled water 10 litres. 

Phosphate of soda 500 grammes. 

Bisulphite of soda 150 „ 

Pure cyanide of potassium 10 „ 

Gold (ns a chloride of gold) 10 „ 



These baths are employed nearly boiling and with anodo of plntiua. They are kept up by 
adding from time to time a solution composed of 20 grammes of cyanide of potassium to 10 grammes 
of gold transformed into ammoniaret, the whole dissolved in a litre of water. 
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important brunch of industry, carried on chiefly nt Lyons. The operation will be understood from 
the following description of Fig. 2049; — A, the furnace ; D, enamelled cast-iron boiler; C, spindle 
supporting the bobbins; D, copper rod establishing communication between the wires and the 
negative pole: E, ivory or porcelain rollers ; G, platina wires serving as anodes; H, false bobbins; 
I, vats containing one a solution of cyanide, the other water for rinsing the wire; K, rollers covered 
with old calico to wipe the wire; L>, heated tube in which the wire is dried ; M, bobbins set in 
motion by the crank N, and designed to receive the gilded wire. 

After being gilded, the wire is passed through Uio draw-plato or through the rolling mill, 
according as it is required to Ijc round or flat. 

The gilding of watch-works also needs special preparations. For the details of this operation, 
which is carried on chiefly in Switzerland and in the Jura, we refer our readers to the excellent 
work of M. Itoseleur, entitled Manipulations Hydmplastiques. We will merely remark that the pre- 
paration consists of a silver-plating called grainage, which gives the objects a slightly dull, but 
very pleasing appearance. 

This silvering is accomplished by applying to the objects, with a hard brush, the following 
mixture ;— 

Silver powder 30 grammes. 

Sea salt 400 „ 

Cream of tartar . 120 „ 

This formula is one of those employed by M, Pinalre, of Besan^on. The articles arc afterwards 
gilded in the ordinary bath. At Pans this kind of gilding is executed with great perfection by 
M. Bressond. 

In bringing to an end our remarks on electro* plnting, we have to mention a process of gilding 
which partakes at once of the methods of plnting by mercury and by the battery. This process, 
which obtained a first prize in the Paris Exhibition of 1807, is duo to M. Dufresnc. 

Gilding by means of mercury is, as is well known, injurious to the health of the workmen, 
because they are continually exposed to the action of the mercurial vapours. Indeed, to obtain an 
equal thickness and a uniform appearance, the workman is obliged to turn the object about over tho 
ftro to drive off the mercury by volatilization, and to strike it in all directions with the brush. The 
consequence of this is that, in spite of the improved draught introduced by M. Darcet, large 
quantities of mercurial vapours arc absorbed by tne men. 

Again, in certain cases it is found that the electro-plating is not sufficiently thick and solid, and 
recourse must be liad to mercury. In these cases M. 1>U frame's process is serviceable ; it may bo 
descrilicd as follows ; — A neutral bath of mercury is prepared oy means of nitrate of mercury 
neutralized by carbonate of soda, and containing cyanide of ixotassium, and in this bath the objects 
arc subjected to the action of the galvanic battery. They are soon covered with a thick coating of 
mercury. A thick coating of gold having been deposited on them by the usual means, they arc 




Copper and its alloys, such as bronze and brass, may bo gilded in these baths. They servo 
equally well for silver and platina ; but for iron and steel tho bath should bo composed as follows; — 

Distilled water 10 litres. | Phosphate of soda .. .. 1200 grammes. 

Gold (as n chloride of gold) 20 grammes. Bisulphite of soda .. .. 1200 „ 

Cyanido of potassium .. ..10 „ I 

It is better to copper tho objects before placing them in tho bath. Tin, lead, and zinc, should 
also be coppered, alkaline baths being employed for that pur|ioso. Aluminium, on tho contrary, 
requires aix acid bath of sulphate of copper. It is obvious that however perfect tho method of gild- 
ing which we have beeu describing may be, it requires, iu certain cases, precautions or particular 
arrangements for gilding certain objects. 

In this way tho arrangement represented in Fig. 2040 is employed in tho manufacture of fino 
silver wire or gilded copper wire. This wire is used in the manuifacture of lace, and constitutes an 
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again placed iu the solution of mercury. The mercury is then evaporated by the action of heat, 
without the assistance of the brush as in the ordinnry case of gilding by mercury. 

This process offers some advantages from a hygienic point of view, though it becomes necessary 
to proceed in the usual manner to mua Use the gilding when a thick plating is required. But it is 
astonishing that this discovery should have obtained a first prise on account of its novelty. If tho 
jury had consisted of Frenchmen only, tho fact would have boon less surprising, for excess of 
|Nitrioti«nm often leads them to doubt concerning progress which has not tieen made in France, and 
keeps them ignorant of what other peoples are doing, but that an international jury should have 
awarded tho highest possible reward, iu 1867, to a discovery described at length in the Annales do 
Chiinie, of St. Petersburg, as long ago as 1851, is really astounding. The whole of the interior of St. 
Saviour’s Cathedral at Moscow was gilded in 1851, under the direction of the Duke de Leuchtem- 
berg, who at that time presided over the Galvanic Institute of St. Petersburg. We have to add, 
however, that M. Dufreuie has renounced an exclusive right to his process. 

Elect retyping has been gradually encroaching upon the process of stereotyping, and has almost 
superseded that process in America. The plan adopted is similar to that of copying woodcuts, 
namely, to lay a sheet of softened gutta-percha upon tlio surface of the page of type, and subject it 
to increasing pressure until it is cold ; the guttit-percha copy is then removed, and treated as in 
copying wood engravings. It would be advisable to try a somewhat softer material for this purpose, 
such as the mixture of gutta-percha and marine glue. This material takes a sharper and smoother 
impression than gutta-percha alone, and the deposit spreads over it more rapidly ; and, being softer, 
it would enter more freely and with less pressure between the fine lines of the letters, and still not 
be sufficiently soft to outer the minute crevices between the body of the types. If a solution of 
grape-sugar (ns used in Drayton’s patent process for silvering glass), aldehyde, or other reducing 
agent, was substituted for the phosphorus solution, for reducing the silver upon the surface of tho 
mould, it would lie an advantage, as, besides the dangerous character of the phosphorus, it has an 
offensive odour, and the copper deposited upon surfaces prepared by it, moreover, is invariably brittle. 

The mould may also be prepared for a de|>o*it by blackleading ; it will require a first-rate Quality 
of black! ead, and prolonged and attentive brushing, but will then afford a good result. The air- 
huhhles may be removed when the mould is iu the liquid, by directing a powerful upward current 
of the liquid against them by means of a vulcanized india-rubber bladder, with a long and curved 
glass tills* with a fine orifice attached to it ; but the liquid should lie free from sediment. 

The advantages of electrotyping over stereotyping ore numerous : the metal is harder, takes a 
Nharfier impression of the mould, and delivers the ink much more readily than type metal, besides 
being a cleaner process; it also takes up less ink. and consequently the printed pages dry mom 
quickly. Both woodcuts and letter-press have also been copied in plaster of Paris, and the deposit 
of copper formed upon that ; but this material is much inferior to gutta-percha for the process. 

Iron and steel wire may be coated with an adhesive deposit of copper, by first immersing them, 
with their surfaces perfectly clean, in the cyanide coppering liquid, and completing the deposit in 
the ordinary sulphate solution. The coils should lie kept separate from each other in tho liouid by 
suspending them upon a horizontal brass rod, turning it occasionally to cause a uniform deposit. 
Iron screws and nails may be treated in a similar manner, except that they should be contained in 
a wicker basket, which is shook about occasionally to produce a uniform deposit 

Copying Daguerreotype Pictures. — An interesting application of tho deposition of copper, and ono 
of the easiest to be effected, is that of copying daguem-otype pictures. First solder a wire to tho 
l>ark of the plate near tho edge ; varnish the hark nnd edges, and allow it to dry ; hang it in a clean 
sulphate of copper solution, which is perfectly free from dust or grease on its surface; and in the 
course of twenty or thirty hours the deposit will be sufficiently thick to be removed. 

The invention of E. A. Jncquin has for its object the preparing of printing surfaces, ao as to give 
them the property of yielding a greater number of impressions than they are capable of yielding 
in their ordinary state. And tho invention consists in covering the printing surfaces, whether 
intaglio or relief, and whether of copper or other soft metal, with a very thin and uniform coating 
of stool by means of electro-metallurgical processes. This invention is applicable whether the 
device to he printed from be produced by engraving by hand, or by machinery, or by chemical means, 
nnd whether the surface printed from lie the original or an electrotype surface produced therefrom. 

In carrying out the invention tho sulutions of iron employed may be varied, and such is the case 
in respect to the arrangement of galvanic Imttery or other source of electric currents used. 

It is importaut that a ferric solution should be employed which will not dissolve or corrode the 
plate intended to be coated, for if it be attempted to use such a solution, though the iron will Ikj 
precipitated, it will not only lie in a non-coherent state, hut tho engraved surface itself will bo 
liable to be attacked and injured. It may also bo remarked that the coating of iron admits of being 
removes! from a printing surface of copper without injury to the original plate, hence the original 
plate may, after being coated and used for some time, have the worn coating removed, and then bo re- 
covered with an iron coating as often as may be required ; and if care is taken to remove tho coating 
of iron before it has boon entirely worn away, the engraved copper or other plate may be made to 

t rint a vast number of impressions nnd vet remain in the original state it was in when it left the 
ands of the engraver, or was otherwise first produced ; the only limit appears to be in the gradual 
change which takes place in the body of the printing surface by the compression to which it issub- 
jeeted in tho process of printing. Heretofore, in respect to plates engraved in intaglio, if of steel 
they each yield on the average about 3000 impressions without retouching; if of copper they each 
yield on an average not more than 800 without retouching ; whilst electro-casta of copper obtained 
from tho originals will not on an average each yield even 200 impressions without retouching ; in 
fact, such printing surfaces are so easily worn, that after the first hundred or 150 impressions there 
is a considerable deterioration in the quality of the work produced. Therefore, for the supply of 
the number of impressions often required by art associations and others, it has been found necessary 
to multiply the electrocaste very considerably. In such cases the invention is applicable with con- 
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sidcrablo advantage, for Brodbnry, Wilkinson, and Co., who have successfully applied the process, 
find that an electro-plate 40 x 22 in. covered or coated with iron has yielded 2000 impressions with- 
out its being necessary to remove and renew the iron coating, there being no pcrceptihlc difference 
between the first and last impression, the work on the plate appearing not to have suffered in the 
slightest degree. Hence in future, by the application of the Invention, it will only be necessary to 
multiply electro-casts to such an extent as may be necessary to ensure the production of prints or 
impressions with the requisite speed on paper, calioo, or other fabrics. At the same time an original 
engraving on copper would become, when treated according to the invention, more lasting tlmn if 
engraved on steel. Although original surfaces engraved in relief, and also electro and other casta 
taken from them, yield a considerably greater number of impressions than those obtained from 
plates engraved in intaglio, to which the invention has not been applied, nevertheless the inven- 
tion is applicable with great advantage to such relief printing surfaces, whether of copper or other 
soft metal, for if they be coated with iron according to the invention they will yield almost an 
indefinite number of impressions, provided the iron surface be renewed as often as may be necessary, 
and the printing surfaces be again re-coated. 

In carrying out the invention the use of that mollification of Grove's battery known as Bunsen's 
is preferable, because it is desirable to have what is called an intensity arrangement. The trough 
used for containing the solution of iron in which the engraved printing surface is to be immersed 
in order to bo coated, is lined with gutta-percha, and it is 45 in. long, 22 in. wide, and 32 in. deep. 
In proceeding to prepare for work, the trough, whether of the size above-mentioned or otherwise, is 
filled with water in combination with hydrochlorate of ammonia (sal-ammoniac) in the proportion 
of 1000 lbs. by weight of water to 100 lbs. of hydrochlorato of ammonia. A plate of sheet iron marly 
as long and as deep ns the trough la Attached to the jiodtivo pole of the bottery and immersed iu 
the solution. Another plate of sheet iron about half the size of the other is attached to the negative 
pole of the battery and immersed in the solution, and when the solution has arrived nt the proper 
condition, which will require several days, the plate of iron attached to the negative pole is removed, 
and the printing surface to be coated is attached to such pole, and then immersed in the bath till 
the required cooting of iron is obtained thereto. If, on immersing the copper plate in the solution, 
it bo not immediately coaled with a bright coating of iron all over, the bath is not in a proper 
condition, and the copper plate is to lie removed and the iron plate attached and returned into the 
solution. The time occupied in obtaining a proper coating of iron to a printing surface varies from 
a variety of causes, but a workman after some experience and by careful attention will readily know 
when to remove the plate from the solution ; am! it is desirable to state that a copper plate should 
not be allowed to remain in the hath and attached to the negativo pole of the battery after tho 
bright coating of iron begins hi show a blackish appearance at the edges. Immediately on taking 
a copper plate from tho tmth gTeat care is to. he observed in washing off the solution from all parts, 
and this may be most conveniently done by causing jets of water forcibly to strike against all parts 
of the surface. The plate is then dried and washed with spirits of turpentine, whim it is ready for 
being printed from in tho ordinary manner. The Bunsen's bottery with the trough above described 
is as follows; — 

Twenty elements in series of five ; each element is composed of an 
Earthen jar, 3 in., nud 5jj in. diameter. 

Zinc „ 8 in., 4 in. diameter, and * in. thick. 

Porous cell, 8) in., and 2} in. diameter. 

Carbon „ 9§ in. by 2 in. in width, and 1 iu. in thickness. 

It should be observed that the battery will require attention when in use, us its action will 
diminish ; the acids must therefore be removed gradually by milling fresh materials every two or 
three days. In order to remove the coating of iron from a printing surface after the iron coating 
has become worn, a solution which will act on tho iron without attacking the printing surface is 
employed. In removing iron from cop|>er, nitric acid is used diluted with eight parts of water, 
and care is to bo taken to wash off the solution as soon as the iron is dissolved. 

Works on Electro- Metallurgy A. Smee, ‘ Elements of Electro-Metallurgy,’ 8vo, 1 851. C. Walker, 
‘Electrotype Manipulation/ IRmo, 1851. J. Napier, * A Manual of Electro-Metallurgy,' crown 8vo, 
1800. H, Dircks, ‘Contributions towards a History ol' Electro-Metallurgy,' crown 8vo, 1868* 
E. Lacroix, ‘Etudes sur l’Exixwition do 1867/ 4 vols., royal 8vn, 1807-08. A. Watt, ‘ Eloctro- 
Mctullurgy Practically Considered/ 12ino, 1869. G. Gore, ‘The Theory and Practice of Klectru- 
Deposition/ crown Hvo. M. de Valicourt, ‘Manuel du Galvanoplastie/ 2 vols., 16mo. 

ELECTROMETER. Fk., £Uctrometrc ; Ger., EltetricitSUmes$er ; Ital,, Elettrometro ; Span., 
Electrdmetro. 

See Telegraphy. 

ELECTROTYPE. En., Electrotype ; Geb., ElectriscKer Abtug ; ItaL., SUreotipia gaivanopla*- 
tiba ; 8 PAX., Galmnopbvtria. 

See Electro-Metallurgy. 

ELEVATOR. Fie, EUwdeur ; Gek., Aufxug ; Ital., Elevatore ; Span., Elevador. 

Sec Lifts ; Hoists ; and Elevators. 

EMBANKMENT. Fr., I.enfc de terre; Remblai ; Geb., Erddcmmf Ital., Aryine ; Span., 
Tcmtplen. 

Railroad Cuttings awl Embankments . — To find the contents of railway cuttings and embankments 
with accuracy is one of the most important problems in railroad engineering practice. 

The first object to be acquired in preparing the dimensions of the different cross sections is to 
reduce the irregular sections to a level, so that the level section may have the same area an the 
irregular one. 

To draw a lino FR, Fig. 2050, so that the area of any cross-section I G a 6 c tf F H may be equal 
to the area of the figure H FBI requires but little engineering or geometrical skill ; a thread 



Digitized by Google 




1384 



EMBANKMENT. 



applied across tho boundary, when the inequalities are not great, will, in most cases, lie sufficient 
to determine F R. When the variations are great, the {simllel ruler will determine F R, iu a few 
seoomls, with mathematical accuracy. 

Thus draw as parallel to 6G, and then draw » 6 ; then the triangle bsG = 6a O; through 6 

2650, 265 J. 




c 


c 


\ m — « — 




* 








! A E 



The cross-sec tion is cosily reduced to the 
form F BOR, Fig. 2651 ; but to draw I H so 
tliat it may lie parallel to E F, ami that the 
area IHrEsFBOE, has employed the 
ingenuity of engineers without much accurate 
practical success, although the object may 
be thus easily obtained by construction. 

On A B describe a semicircle; dmw CD 
parallel to E F. and 1> Q perpendicular to 
A B ; with A O describe the arc G II, through 
H draw H I parallel to C D; then the area of 1 H KF = area of R C E F, and A m is the height of 
the equivalent level cutting required. The same construction will suit for embankments. When 
this construction is performed accurately, then 1 B is parallel to C H. Hence the truth of the con- 
struction may be tested by taking a parallel ruler and finding whether the lines I B and OH are 
parallel or not; if these lines be not parallel, the construction must be repeated. 

Example. — Ix-t A B, Fig. 2052, be = 32 ft. ; A C = GO ft. ; slopes 2:1 (AE : EC 1 1 2 : 1); 
required the length of A D. 

Q0 y QO 

- = 384 = the square of A D; 

therefore, AD = »J 384 = 19*596 ft., 1* + 2* = 5, tho number abovo divided by. 

A rule much easier than this cannot be expected. We will apply it to another example in 
which the ratio of tho slopes is expressed in more compound numbers. 

/Crumple. — Given A B (Fig. 2052) = 20 ft.; AC = 50 ft.; slopes 1J to 1 (AF ! FG ll 1} :l); 
required A D. 

3* , 13 20 x 50 X 4 . . _ . ,, ,-rrz OA 

- = 400, the square of A D, .*. A D = v 400 = 20. 



2 T 4 



13 



It generally happens that A B, Fig. 2653, the depth in or over the centre A, the breadth of the road- 
way E F, and the slope* of / a, F a, / E, are 
only given, and from which the depth I) A 
of the equivalent level cutting is required. 

The point B may or not lx* in the surface 
of the ground. For example, in Fig. 2050 
tho point A represents tho centre stake, 
and is in the surface of the ground, while 
Q, where P R meets A B, is below tho 
surface of the ground ; hence, the point II, 
in Fig. 2653, may be abovo or below the 
surface, as tho case may be. This remark 
is important, ns the position of the centre 
stake is so much referred to in setting out 
the side slopes; and, in fact, it is the point 
from which nil measures are taken. When 
the height of the centre stake is known 
above or below the middle of the roadway, 
iu cutting or embanking, tho position of B in tho lino / a, that equalizes the surface, is not far 
from the centre stake in most cases. However, fa is the line found by construction or otherwise 
that makes the area E F af = area E F P Q R. Q being the centre* stake, and Q R and Q P, 
Fig. 2b53, the lines that arc used, to find the places of the side stakes R and P. 

lxd tho slope of fa lx; represented by s : 1, and of C / or 0 a by r to 1. Also let B C bo repre- 
sented by m, then, putting x = C b and y = C c, by similar triangles, 

~ .. . * . 

:: x : — = «</; 
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AgniD, r : 1 :: y : — = »/; 

V V 

ro — — = — , and y = 
a r 1 



» : i :: s' : t =»/s 



y _ sot ^ _ a _ s m . 

r — ^ _ J + r’ r “ ” 3 — r’ 

But on referring to Fig. 2653 it will be seen that 

Ca* = 05**4-06*; and C/* = 0«r* + */*; 

~ . / s* m* + r* a* w* _ */ »* m* + r* s* m* 

(* — ry “ (3 + r)* ’ 

But because tho areas of the triangles C fa and C A h arc equal, and the side, Fig. 2653, 

0 A = C A, Then, CA = VC/x Ca; 

■ r* - j /* "* o + ■*> * o +>) = A/ Vm'( l + r»y 

(s + r) 3 x (s — r) 3 (* + r ) (« — r) * 

But ca : CD (A A) :: V(i + r*> : 1 . 

Hence, C D = — ,m ■ ■ = the depth of tho equivalent lovcl cutting. This computation is 

*/ (* 4- r) (J — r) 

easily effected by logarithms, the use of which arc recommended when tho numbers expressing tho 
ratios of the hIojmw arc compound. 

Rule by Logarithms. — From the sum of the logaritbns of s and m, take half the sum of the logarithms 
of s + r and s + r, and the remainder is the logarithm of 2 &ol 

CD (Fig. 2653), the depth of the equivalent cutting 

where the side slojes meet .— This rule was first given ^ D 

by the Editor of this work, and is the only simple ^ 

and, at the same time, exact rule that has appeared. 

See Bymo’a Pocket-book for Hailroad and Civil Z Sn* 

Engineers. . vS-. — A - 

Example.— Let the roadway E F = 28 ft. wide, c 

with the sido Blopes of 1J : 1 and the ground to 
incline transversely at an angle of 15°; with a depth 

BA, at the station B, of 20 ft.; required AD tho depth of tho equivalent level cutting 
FE A A. See Fig. 2654. 

Since tho cotangent of 15° = 3*732, the inclination of fa is 

3 732 to 1; hence * = 3*732; r = l*5. 1*5 : 1 :: 14 I 91= AC. 



Log. 2*232 = 



1*5 : i :: H : 9i = AC. 



3*732 


3*732 


1*500 


1*500 


2*232 = s-r; 


5*232 = s+ r; 


*3480942 


I x>g. 3 *732 = -571941G 


*7180677 


log. 29*333 = 1*4673505 



2)1*0073619 

*5330809 



From 2*0392981 
Take *5336809 

CD = 32*034 logarithm = 1*5056172 
9*333 = AC 



22*701 = A D, required. 

To find A D by common arithmetical calculation is not very difficult, especially when a table 
of squares, Ac., of numbers is employed. 

The general expression may be made to assume tho form 

OD= . 

*/**-r* 

Example. — Let the road be 30 ft. wide, with sido slopes of 2 I 1, the ground to incline trans- 
versely at a slope of 4 : 1 ; and tho depth over the centre of tho road, A B = 24 ft ; what is tho 
depth of on equivalent level cutting ? 

2 : l :: y : 9 = ca. 

24 = AB; m = 33 

. 9 = AC; »= 4 



m = 33 = Ii a 



132 = m x s. 



- r> = J 4' - 2 1 = Jn, 
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tho square mot of 12 can bo foand in tho table = 3*464, which is taken sufficiently near for the 
purpose. 

1QO 

^ = 88 103 = 00. 

9*000 = CA. 



29*103 = AD. 

Example . — The breadth of the roadway is 23 ft., with side slopes of 2$ : 1 ; and a transverse 
ground slope of 6 t 1 (that is, the slope that equalizes the cross-sectional area); the depth of the 
station from the centre of the road = 13 ft., what is the depth of a level cutting of equal area ? 

:s = ac. 

15 + 5 = 20 = m. 6* = 36 

6 = «. (2J)> = 6*23 



120 = m x *. ^29*75 = 5-45. 

The square root of such numbers as 29*75 can be fouud by inspecting the tabic of squares, 
square roots. Ac. 

29 -75 x 4 = 119. 

The square root of 119 from tho table = 10*9087121, the half of which = 5*454356, of which 
we have taken 5*45. 

120 

ra = M = °D. 

5 00 = AC. 

17 02 = AD. 

This calculation would be very concise, only the work is accompanied by explanations. Without 
such rendering the work might stand thus, as half tho square root of 1 19 can be taken from the 
table without calculation. 

2 . 5 = 5 

3 15 

20 
6 

5*45)12000 
1090 

1100 
1090 

1000 
1090 

Example. — The breadth of tho roadway is 27*8 ft., with side slopes of 36° 40' and a transverse 
equalizing ground slope of 21° 15'; tho depth of the station from the centre of the road 45*6 ft. ; 
what is the depth of a level cutting of equal area? 

Natural ootangent of 36° 40' = 1*3432 = r 
„ „ 21° 15' = 2*5715 = 9 



$ + r = 3*9147 



4 - r = 1 2283 

I/*g. r-f j = *5926985 
log. r — » — *0893045 



2) *6820030 



*3410015 

65*612 

10*350 



55*262 = AD, 

the depth of a level cutting of equal area with the one defined in the question. 

Example . — The breadth of the roadway = 33*7 ft.; the side slojxs* of an emboukment are 



27*8 
2 r = 2 6864 



a 10*35 a AC. 

45*6 

10*35 

55*95 = m. 



l>og. w = 1 -7478001 
log. s = 0-4101865 



From 2*1579866 
Take 3410015 

log. 65 -612 = 1-8169851 



«* -<*>* = ^ 



( 22-02 
\ 5 00 



17 02 = A I). 
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19:7; and a transverse ground slope of 23 : 3; the depth of the embankment from the centre of 
the road = 18 '4 ft.; what is the depth of the level embankment of equal cross-area i 

ras- «»■ 

19 18 ’4000 

r= — = 2-7143 

7 24 0078 = m. 

10-3810 = s + r 



4*9524 = - - 
Ix)g. » + f= 1 0162392 
log. t — r = -6948157 

2 ) 1*7110549 



I,og. m = 1 ’3910728 
log. s = 0 8840085 

From 2*2750813 
Take ’8555274 



Logarithm of 26-312 = 1 



A D = 20- 1042 ft. 
Construction . — When many constructions are 
to be made., section or cross-barred paper will be 
found very convenient. This paper is ruled, or 



rather printed from plates of steel or oopjxsr, to 
suit with great accuracy a variety of scales. 
Take A C = 18-4 ft. and produce it both 




ways ; draw E A V = 33*7 ft. and perpendicular 
to A C ; A E = A F, Fig. 2655. 

Produoe A F to n and mako F » = 19 on any convenient scale of equal parts, draw m n perpen- 
dicular to F n and = 7 such parts, them draw BFmH, and in the samo way draw BEQL. 
Again mako (J t = 3, and t p perjiondicular to it = 23. draw eOOH, and EFGH is the cross- 
section of the embankment. Draw G I parallel to E F, on B H describe the semicircle B J H, 
drawr I J perpendicular to B II, and mako B K = B J, draw K L parallel to E F, then the area 
F E G H — the level art.-a L K F E and AD = 20*1 ft., as before found by calculation. 

To find the Contents of Cuttiwj and Embankments . — Let m be the breadth of the bottom of a level 
cutting at the rails ; «, ft, c, tf, . . . . *, the perpendicular heights taken n feet apart ; and r : 1 the 
ratio of the slopes ; then 

The content of the central part = |<» + x + 2 (6 + c + d . . . . )J ; where a and z are the 

extremo ordinates, and ft, c, d, e . . . . the intermediate. 

The content of the two slopes = 1(0+5)* + (ft+c)* + (c+rf) a . . . [aft+ftc+erf . . . .] j . 

Example . — Required the solid content of a cutting or embankment ABCDEFOH, Fig. 2656, 
whose heights taken at 1 chain of 66 ft. upurt aru 30 ft. = d, aud 20 ft. = ft; the width of the rails 
= 36 ft. = m; the slopes 2 to 1. 

In this example r : 1 becomes 2 : 1 ; n = 66 ft. 

The general formula becomes ^ + ft j + ^ | (a + ft) a — a 6 j , when two ordinates, <i and ft, 

are used. 

20 a + 6 = 50 2S5& 

30 50 = a + b a TO aQ a 

50 2500 n 

60 30 X 20 = 600 = a ft / f / / / 

3JX>0 1900 / / / J® ' / 

. 19800 3800 / ^ / 

9900 66 = » / 




A BPNKFG 1 = 59400 cub. ft., 



3)250800 

83600 = cubic feet in P B 0 H I G 
and ANDEKF together. 



1 43000 = whole content in cubic feet. 
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This number divided by 27 gives 5296*298, the content in cubic yards. I have used no help 
to contract the process, in order that the nature of the problem may be thoroughly understood. 

Example . — Let the cubical content of tho cutting or embankment mentioned in the last example 
bo required, when n s 100 ft 

a — 20 50 = a + & 

b = 30 50 



2)50 

25 x 100 - 2500 = area. 
2500 
36 



2500 = (a + by 

ab = 600 

1900 

2 = r 



15000 

7500 

90000 = cubic feet in ABPNKFOI, 

90000 

126666-66 



3800 

100 = n 

3)380000 = 126666* GG cub. ft., the content 
of the two slopes. 



27)216006" G6 

8024 • 7 whole content in cubic yards. 



Now observo how easily this result can bo obtained when tho former 5296*296 is found for a 
chain of 60 ft. 



5296-296 
half = 2648*148 



Passing two figures to left each timo .. 



7944 -444 for 99 ft. 
79-444 
•794 
7 



8024-689 



Consequently, if any cubic yards as 90000 be for a GO-ft. chain, 



90000 

45000 



135000 

1350 

13-5 

*1 



130363-6 



will bo tho cubic yards for 100 ft. This rosult is obtainod without mental labour. 

Example . — Required the cubical content of these cuttings by inspecting tho following Tables 
(L, IL, and III.) ; — 

First for n = 66 ft. 

20 

30 



2)50 

25 x 36 = 900 ft. 

From tho small Table (I.), for an area of 900 sq. ft., thcro is given 2199*9999 cub. yda, which 
may be taken os 2200 cub. yds. 

Iu the large Table (III.), over 20 and opposite 30 will 
be found 

1518 
2 = r 

3096 
2200 

5296 cub. yds., 

the Bame whole number of yards as these before found, 
according to the furmula. 



Table I.— For 66 feet. 



1 


2-4444444 


2 


4*8888888 


3 


7-3383333 


4 


9-7777777 


5 


12 •2222222 


6 


1 4 • 6666666 


7 


17*1111111 


8 


19*5555555 


e 


21-9999999 
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When tho cubic content in yards for a chain of 66 is known, tho content for a chain of 100 is 
found instantly, as before shown. 

5206 

2648 

7044- for 09 ft. 

79*44 

•79 



8024*23 for 100 ft. 



When tho work is not encumbered by explanations, the case of application is very apparent, as 
tho following examples will show. 

Example. — I,et the equivalent level cutting at one end have n particular height J L = 25 ft., 
Fig. 2656; at tho other end, 0 51 = 20. What is tho cubical content for lengths of 100 ft., 66 ft , 
and 50 ft., tho rood way 28 ft. wide and tho side slopes 1$ to 1 ? 

From Table /. Table III . 

25 Opposite 25 under 20 .. 

20 



1343* \ 

«ai/ r=1 * 



45 

14 = half 28. 



180 

45 



For 600 
„ 30 



630 



1466*6666 

73*3366 



1540* 





1864 




1540 


For a length of 66 ft. 


.. .. 3404 cub. yds. 




3404 




1702 


For 99 ft 


5106 




51*06 




51 


For 100 ft 


5157*57 cub. yds. 



2)5157*57 for 100 ft. 



2578 *78 for 50 ft. 

lienee, if 25 and 20 bo the heights of a filling or tho depths of a catting, 

Cub. yds. 

For 66 ft., the content = 3404* 

„ 100 ft., the oontent = 5157*5 
„ 50 ft., the content = 2578*8 

It is easily seen by a practical civil engineer that this is tho best and easiest method of finding 
tho solid content of cuttings or embankments yet proposed, whether the chain bo 100 ft. long, 
66 ft., or 50 ft. 

The oontent for any other distance, as 121*3 ft, is also readily determined, thus; — 

For 100 ft .. .. 5157*5 

„ 1ft 51*575 

121 3 



154725 

51575 

103150 

51575 



For 121*3 ft 6256*0-475 

Any other length may bo applied in tho same manner. 

Example . — Let 16 ft. be tho height of a level filling, which has the same area as the cross-section 
at this station ; 100 ft from this the height of the level filliug is found to bo 14 ft. ; how many cubic 
yards of earth does it contain, the ratio of tho side slopes J to 1, breadth of the roadway = 32 ft. 

From Table II., which is for finding tho content of the central port for lengths of 100 ft, will 
be found the content of the central part, thus; — 

u Table II. — For 100 foot. 



16 










— 






1 


3*703703 


2)30 






2 


7*407407 


— 






3 


11*111111 


15 






4 


14*814814 


32 = 


breadth of roadway. 




S 


18*518518 


— 






0 


22*222222 


30 


For 400 .. .. 


1484*481 


7 


25*925925 


45 


„ «0 .. .. 


296*296 


8 


29 * 029029 


— • 




— 


9 


33*333333 


480 


Cubic yards 


1777*777 







Digitized by Google 





1390 



EMBANKMENT. 



Table III. 



For the content of the two slopes and a length of 66 feet. 

Opposite 1G over 14 .. .. 5-*>l 413 *25 

$ = r. half = 206*625 



418*25 619 875 

6’ 198 
61 



626*134 

Cubic yards 1777*777 for 100 ft. 



2403 ' 91 1 whole content. 



Example . — Suppose the equivalent level cutting at one end to He 24 ft., and at the other 36 : the 
roadway 31 ft. wide ; the length of the cutting 100 ft., the side slopes 1$ to 1 ; required the cubical 
content in cubic yards. 



24 

36 

2)60 



From Table III. 

Opposite 36 over 24 .. .. 2229 

4 



30 

31 breadth of roadway. 
930 



r = * 3)8916 

For 66 ft 2972 

half = I486 



From Table If. 



For 900 8338-333 -45 

„ 30 111111 

For 100 ft 4503 03 

3444*444 344444 



Total content = 8947 *47 



Example . — Lot a cutting be in every respect the Bame as tho last, only the length = 66 ft. ; 
what is tho cubical content? 



36 + 24 = 60 Opposite 30 over 24 .. .. 2229 

81 = breadth of roadway. 4 

GO r = | 3)8916 

180 

2972 

2)1860 2273J 

930 Total content for 66 ft. 52451 

From Table T. 

For 900 2200 

„ 30 73*33 



2273*33 



As all the fignres employed are set down, it is evident that this plan is superior to any other 
proposed method, ns hut one-tenth the mental labour is expended. 

What is the content for 12*3 ft. when the content for a length of 66 ft. = 5245*33 cub. ft.? 

5245*83 79*4747 

2622 66 12*3 



7868*00 2284241 

78*68 1589494 

78 794747 



7947 47 for 100 ft. Cubic feet 876*53881 for 12*3 ft. length. 

79 *4747 for 1 ft. 

Example . — Required the cubical content by tho general formula. 

^0 + 4)+ yO’ + oi ’ + (•’)• 
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r 

too | 

►40 
97 1 
* 18 1 
00 
>54 

ro« 

to*; 

►28 

i8»; 

152 

512 

078 


9097 

9240 

9398 

9550 

9705 

9802 

10020 I 

10180 

1088ft 

10504 

10070 

10834 


9397 

9548 

9702 

9858 

10017 
10172 1 
10834 
10198 
10000 

10824 

10994 


9702 

9858 

10012 

10171 

10328 

10110 

10052 

10818 

10984 

11150 


10012 

10109 

10327 
10488 
1 Of 150 
10814 
10978 

11145 
11316 1 


10327 

10486 

10047 

10810 

10974 

11140 

11310 
11478 | 


10047 

10809 

10972 

11136 

11:406 

11474 

11647 


10972 

11136 

11304 

11470 

1 1640 
11812 


11304 
11408 
11040 ; 

11808 
11082 ! 


11638 

11808 

11979 

12152 


11978 

12150 

12321 


12322 

12496 


12G72 


10 


61 


62 


63 


64 


66 66 67 


68 


60 


70 


71 | 78 



To face p. 1390. 
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a = 24 ; 6 = 36 
r = 1^; m = 31 ; n = 100 ft. 
31 y 100 

x (24 + 315) = 93000 

24 

36 

(« 4 - by = GO- = 3600 
«x6 = 864 

a* + a 6 + 6* = 2736 

4 



3)10944 27)214600(7948 

189 

3048 

100 256 

243 

3)304800 

130 

121600 108 
93000 



Content in cub. ft. = 214600 



220 

216 



The difference existing between the result obtained by using the Tables and the result given 
by the formula is but very small for so large a content. 

It Arises from the results given in Table III. being whole numbers without decimals. In fact. 
Table III. contains the content in cubical yards to the nearest unit, and the depths of tho level 
cuttings have all the iutegrn! values from 1 to 70. 

. When decimals are annexed, the additional cubical content is found by consulting Table IV. 
The method of using this Table will bet-t appear from example. 

Example . — Lot a — 52*6 ft.; 6 = 30 4: the slopes 2:1; the breadth of tho roadway 36 ft.; 
length 66 ft. : what is the content in cubic yards? 

52 G 
304 

830 

18 = half 36. 

664 
83 

1494 

From Table /. 

For 1000 2444-444 

„ 400 977-777 

„ 90 219-999 

„ 4 9-777 



3651*997 

Table HI. 

Opposite 52 under 30 .. .. 4208 

nTi=*±±? 

10 

Tho nearest whole number to which is 11. 

Opposite 11 and under *4 .. .. 36 

4208 ) 

68 J add 
36 ) 

4312 
2 = r 

“ dd {!*52 

1227C cubical content for a length of 66 ft. 



Table IV. 
52-6 
2 

105-2 = 2«i 
30-4 = 6 



135-G = 
13-56 = 



26 + a 
10 



The nearcat whole number to which is 14. 
Opposite 14 and under *6 .. .. 68 

30-4 = 6 
2 

60-8 
52-6 = 0 



To find what must be added for decimals 
( C) and (-4) employ 
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Table IV. 





*1. 


*2. 


*3. | 


*4. 


*5. 


*6. 


•7. 


*8. 


*9. 




1. i 


•2. i 


*3. 


*4. ! 


■6. 


*3. 


•7. 


•8. 


9. 


1 


1 


2 


2 


3 


4 


5 


i G 


7 


7 


12 


10 


20 


29 1 


39 i 


49 


59 


I 69 


78 


88 


2 


2 


3 


5 


7 


8 


10 


11 


13 


15 


13 


11 


21 


32 


42 


53 


63 


74 


85 


95 


3 1 


2 


5 


7 


10 


12 


15 


17 


20 


22 


14 


11 


23 


31 


46 


57 


68 


! 80 


91 


103 


t 


3 


7 


10 


13 


16 


20 


23 


26 


29 


15 


12 


24 


37 


49 


61 


73 


86 


98 


no 


5 


4 


8 


12 


16 


20 


24 


29 


33 


37 


16 


13 


26 


39 


52 


65 


78 


91 


104 


117 


6 


5 


10 


15 


20 


24 


29 


34 | 


39 


44 


17 


14 


28 


42 


55 


69 


83 


: 97 


111 


125 


7 


6 


11 


17 


23 


28 


34 


40 


46 


51 


18 


15 


29 


44 1 


59 


73 


88 


103 


117 


132 


8 ! 


7 


13 


20 


26 


33 


39 


46 


52 


59 


19 


16 


31 


47 : 


62 


77 


93 


108 


124 


139 


9 


7 


15 


22 


i 


37 


44 


51 


37 


66 


20 


16 


33 


49 


65 


82 


98 


114 


130 


117 


10 


8 


16 


23 


33 


41 


49 


57 


65 


73 


21 


17 


34 


51 j 


68 


86 


103 


120 


137 


154 


11 


9 


18 


i 27 


j 36 


45 


54 


63 


72 


81 
















| | 







If the length = 100 ft. with tho other dimension* remaining the same, the content will be 

12276 

6138 



18414* 

18414 

1*84 



For 100 ft. 18509*98 cub. yds. 

These result* do not differ from those obtained with mathematical accuracy more than 2 yds., 
according to the formula. 

^{ a + t } + -{ (a+t) ._ ai } 
o = 52'6, b — 30-4. m = 36; n = 66; all in feet; r = 2. 

36 X 66 

= X (52-6 + 30-4) = 36 X 33 X 83 = 98604. 

52-6 

30*4 

83*0 

83* 

249 

664 

6889 = (n + 6)* 

30*4 X 52*6 = 1599*04 = « x 6 



5289*96 

2 = r 



10579*92 

22 



2115984 

2115984 



232758*24 

98604 * 



n 

3" 



(«* + a b + P) 



27)331362*26 

27 



61 112273, the true content 

54 \ in cubic yards. 

73 

54 



196 

189 



72 

81 

I will next give & model example, merely setting down tho numbers employed in tho operation. 
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Example ,- Let tho depths of a rutting be 39*3 and 37*7 ft.; their distance = 6G ft. ; the ratio 
of the slopes 11 to 1 ; whut is the content ? Bottom width = 33. 

39*8 

377 



77 0 
33 



231 

231 



2)2341* 



TaW* /. 


1270-5 


Table IV. 




For 1000 


2444-444 




29 


200 


488-888 


37-7* 


„ 70 


171111 


2 




„ •« 


1-222 







Tibic m. 


3105 660 


75-4 

39-3 

Oppoeite 1 1 under 7 .. .. 


63 


Opposite 39 over 37 .. .. 


.. 3531 


3531 




39-3* 

2 

78-6 

37-7 

Lotn = 7-1: b = 6-8; c = 


5-3: d = 7-6; < = 


63 

3623 r = | 

3 

2)10869 

5434-5 

3105-66 

Content 8540-16 cub. yds. 

11*5; these depths are at 100 ft. apart; the 


breadth of the roadway = 80 ft 


. ; and the side slope; 


b 3 ; 2, or * ; 1. 




General formula 


r = | ; m = 30; 


n = 100. 





m n 

T" 



{ a+<r+2 (6+c+d) } + { <«+&)* + (*+c)» + (c+d)’ + (d+0* - (a&+*c cd+d«)}. 



58 

100 = n 

5800 

30 = m 

2)174000 

87000 



b = 6*8 
c = 5*3 
d = 76 

19*7 

2 

39*4 
7*1 = a 
11*5 = * 



(a + 6)* = (7*1+ 6*8)* = 13*9’ = 193*21 
(A + c)* = (6-8+ 5*3)’ = 12*1’ s 146*41 
(c + </)* = (53+ 7’6)> = 12*9’ = 166*41 
(d + c)* = (7*6 + 11 ‘5) a = 18* 1* = 327-61 



833 64 

48-28 = a x b = 71 X 6 8 

35-04 = b x c = G -8 x 5-3 

40-28 = c x d = 5-3 x 7*6 

87-40 = x e = 7*6 x 11*5 



211 00 



580 

833-64 

21100 



622-64 

100 



62264* 
j = r 

2)186792 

3)93396 

31132 
Add 87000 



118132 cub. ft. 
4 u 
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The formula is convenient when the numbers are small and a tabic of the squares and products 
of numbers convenient. 

To find V is Solid Content of a Railroad Cutting or Embankment, ohm great accuracy is required , — 
Rule . — Add together the area of two parallel cross-sections, and four times the area of a section 
half-way between and parallel to them ; and multiply the sum by one- 
sixth of the length measured perpendicularly to the parallel sections, 2657. 




The Tables will determine the content with tho same accuracy os the general rule just given, 
without the middle area being given. 

Example . — Let the areas of the two ends of a cutting be 4990 and 1294 sq. ft., the bottom width 
30 ft., the length 1*00 chain, and the ratio of the slopes 1* to 1 ; required the content of the 
cutting in cubic yards by referring to the Tables. 

In applying the Tables to such examples, the square roots of the areas, to where the slopes 
meet, must be first extracted, or, which is more easy, taken from a table of square roots. 

30 30 x 10 

1* I 1 II — I 10 ft., the depth below the roadway where the slopes meet, — ^ = 150 aq. ft., 

the area of the triangle, to be added to tho areas of the cross-sections. 



4990 


1294 


150 


150 


5140 


and 1444 



the areas of the sections to where the slopes meet. The square roots of these numbers are 71*7 
and 38* respectively. 

By Table III., for 71 and 38 7483 

71 v 2 _L 

By Table IV., for - Y<f— = 18* and (*7) .. .. 103 

Content to the intersection of slopes 7586 

150 x 66 

Take tho content from roadway to where tho slopes meet — — — = 366* 



27 

Content for one chain 

7219 \ x 1*60 a 11550*933 cub. yds. 



7219* 



Example, — I^et the areas of the two ends of a cutting be 3645 and 4036 sq. ft. ; the bottom 
width 27*2 ft.; the length 17*6 ft.; the ratio of the slopes 1*7 to 1 ; required the content of this 

17*2 

cutting by the help of tho Tables. 1*71 1 II I 8 ft., the depth below the roadway where the 



slopes meet. 



27*2 x 8 



= 108*8 sq. ft., to be added to the areas of tho cross-sections. The Bnlid 



content of the wedge below the roadway to where the slopes meet, for a chain = 66, in length = 
108*8 x 66 . , 

= 265*9 cub. yds. 

27 

It is necessary to make these little preliminary calculations before applying the Tables, in such 
general examples as the one I have given above. 



3645 

108*8 



4036 

10S*8 



4/3753*8 = 61 *3; 4 / 4144*8 = 64*4. 

When one or both the given depths, or square roots, exceed the limits of Table III., find the 
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content corresponding to half the two dopths, and four times the result will 
required. 

By Table III., for 64 and 01 9550 • 

Table IV., 61 ‘ 8 X 1 p + “ - 4 = 1»‘ and 3 47‘ 

M -4X2 + Gf3 =19nml ' 4 fi2 . 



be the content 



Content to intersection of slopes 9659 • 

Content from roadway to the intersection of slope* .. 265*9 



9393* 1 

Cubic yd». 

9393 1 for 66 feet 
4696*5 



14089*6 

140*9 

14 



142*319 for 100 feet 
142 *319 for 1 foot. 

142-319 x 17-6 = 2504*8140, 
the content in cubic yards for the distance given in the example. 

To find the Content of a Railroad Cutting, trhen the Slopes of the Ttro Sides are different. — Rule . — 
Find the content a* if one of the slopes wore given; take half the result and add it to half the 
content found by Bupnosing the other slope only given ; the aum will be the content required. 

Example . — One siac of a cutting has a slope of 1} l 1, the other side a slope of 1$ : 1 ; the 
height* of the equivalent level cross-sectional areas, taken 100 ft. apart, are 13 and 11 ft.; the 
breadth of the roadway = 30 ft. ; what is the content in cubic yards? 

11 For 300* .. .. 1111 111 

13 60* 222*222 



2)24 1333*333 cub. yds. in the central port. 



12 

30 



360' 



For 13 and 11 in Table III., 353- for 66 feet. 



U 

u 

2)2J 



353 

11 

8)3883 



If ~ 



Slope 1} : 1, length 100 feet, 

1333-3 

490-3 



485 4 
4-85 
4 



490-3 cub. yds. 

264 «. 

F hr Em D 



Content 1823*6 cub. yds. 

Investigation of the General Formula for Calculating the Content 
of Cuttings and Emltankmcnts . — Let ABCDEFGHIJKL, 

Fig. 2658, be a railroad cutting; the planes ABCF and 
L ft I J (Mtrpendicular to the plane of the roadway 1 .1 B A. 

Then D B = E A = 6 and K J — 1 H = a are periMJudicular to 
I A and B J. 

The sides J L C B and I G F A slojie till their bases aro to 
their perpendiculars as r I 1. A K and B I) are perpendicular 
to C F f and .1 K and I H perpendicular to G L. 

BD : DC :: 1 : r, the same proportion bolds in the other 
right-angled triangles A E F, I G H, and K J L. 

EF = DC = 6r. GH = KL=dr. 

The length of the cutting J B = I A = n, the breadth of the 
roadway A B = I J = m. Fig. 2658. 

The two slopes of Fig. 2659 put together make up the 
frustum of a pyramid FB CL J G, represented in Fig. 2660. The centre part E DB AI F is given 
in Fig. 2659. the content of which I will find first. 

Let the plane K8TU, Fig. 2659, be parallel to the ends and half-way between them ; and 

4 u 2 
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MSOPTN parallel to the rood piano ABIJ ; then tho solid I H E D K J = the solid IMOPKJ 

a + b m n 

= X TO x » = — (a -f b). 




i X a X 4-* r = content of tho pyramid F BC Q = ^ (f””,) * 
Area of tho triangle J G L = a s r, hence the content of the pyramid Q Q L J = 
IXj— x.'r= 3 (f-j). 

Consequently, the solid content of tho frustum J G L C F B = 



From this expression Table III. has been calculated, taking n = 66 ft. and dividing by 27 to 
reduce the content to cubic yards. The general formula is readily found by taking the sum of 
the expressions. 

(a + l) + y |(a + 6)> - ot} 

^ (» + c) + y {(6 + c)’ - be J 

(« + <0 + y {(« + ff - cd J 

&e. -f &c., which becomes 

"2" { a + * + 2(6 + c + d...) + 

y {(0 + 6)* + (» + «)• X(c + <*)» + .. ..-[«* + be +cd + ....]}, 

the general formula that I proposed to demonstrate. I will add an example tliat often occurs in 
practice; when cuttings or embankments are measured after the work is done, the sides have 
different slopes from one another, and from those intended to be given. To find the content of 
such, the following rule may be useful. 

iiulc . — Find the content of the centre portion, as in the preceding examples; in finding the 
content of the two slopes, employ half the sum of the ratios (the consequents being unity), instead 
of the constant ratio used in other cases. 

Example . — Let tho bottom width = 36 ft.; the depths of the level equalized cross-sections = 20 
and 30 ft. respectively: one of the side slopes 1$ to 1, the other 2 to 1 ; what is the content, in 
cubic yards, for a length of 100 ft. ? 

2 : 1 

1* : 1 

2)3* 

if : 1 = r : 1. 
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86 X 100 

By the Formula, — X (20 + 30) = 90000 cub. ft. in the central part. 

20 

30 

50 s = 2500 = (a + 6)3 

20 x 30 = GOO 

1900 = a6 + a* + 6 s 
100 

190000 

7 r = i 

4)1330000 

3)332500 

110833-3 cub. ft. in the side slopes. 
90000- 



27)200833-3(7438 -2 
189 

118 

108 

103 

81 

223 

216 

73 

54 



By the Tables. — Table III. — For 30 and 20 will bo found 1548 ; this is for a length of G6 ft. 

1548 

774 

for 99 ft, 2322 
* 23-22 

•23 



for 100 ft 2345-45 

7 r= J 



4)1641815 



4104-54 

3333-33 found in Tablo II. for 9000. 



Cubic yards 7437*87 

20 

30 

2)50 

25 X 36 = 9000. 

By inspecting the Tables the content is found to be 7437 '87 cub. yds.; by the formula the 
content is 7438*2 cub. yds. ; tho difference is less than half a cubic yard. 

Side Depths and Side S bikes . — When the centre stumps of a railroad have been put down, which 
are usually at the distauccof one chain, the line must next be levelled, and the number of the 
stumps entered in tho level-book in a vertical column ; and opposite each number, in another 
oolumn, the depth of the cuttings or embankments ; and in a third column, tho horizontal half- 
width of the surface cuttings. But every engineer has his peculiar method of keeping a field or 
level book. 

To set out tho width of cuttings, when tho surface of the ground is laterally level, and at a 
given height above the level of the intended railroad, tho ratio of tho slopes being givon, lot 
ABDH, Fig. 2661, bo tho croas-scction of a cutting, tho ground U D parallel to the bod of tho 
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road A B: put C F, the height, in the centre of the rotul = A, and tlio breadth of the road-bed 
A B = b ; the slope of tho Hide A II or B D ia generally expressed by the ratio of the base HI to 

rn 

the perpendicular ID; let B I : I D = ro : n, then the slopes are said to bo m : «, or - • 

In this case, as it is supposed the ground H D ia level, the distance from the centre F to the 
side stakes D and II will be expressed by } b + ™ A. 

Example.— Ix*t tho bottom width A B = 28 ft., the depth of the cutting C F a 16 ft., tho 
slopes 5:4; that is, B I : 1 D = 5 : 4 : required the distance of the side stakes H and D from tho 
centre F. 

HF = $af28-f|ofl6 = 84 = FD. 



2€«I. 




Example of en*mkmmt y when the surface of the ground is laterally level, Fig. 2662. Suppose 
the breadth of the roadway A B = 32 ft. ; the height of tho embankment 0 F = 20 ft, and the 
ratio of the slopes G to 5, that is, D E : E B = 6 : 5 ; required the distance of the side stakes II and 
D from the centre F. 

H F = | of 32 + £ of 20 = 40 = F D. 

The slope given to the sides of either cuttings or embankments varies with the material through 
which tlic road lias to pass. . 

When B I = I D. Fig. 2661 , the sloi* is said to be 1 : 1. The slope is said to be a rise of 2 to 1 
when I B = twice I D. In close-jointed mck the ratio varies from 1 ! 4, to 1 : 2. In soft or loose- 
join ted rock, or stiff clay, the rnti» varies from 1 : 1, to 3 : 2. If the road passes through moist 
springy ground or loose sand, the ratio of the slope varies from 2 ! I to 5 I 2. Should the ground 
rise from F to M, Fig. 2663, the slope stake must be set out farther, as at M. Let the additional 

height M N = p, then D N = />. And if the ground falls from F to K, a distance L K = </, the 

slope stake must lie set farther iu at K, a distance HL = - q. 

.♦. FN = *& + -* + %• FL = **+”*"% 




It often happens that ;j and q are unequal. Betting slope stakes for embankments resembles set- 
ting them for excavations, only a rise from the centre F with excavations corresponds to a fall with 
embankments : in fact, an embankment is a cutting inverted. Fig. 2664 represents an embank- 
ment. and is Fig. 2GG3 inverted. The rim' at K is nearer the centre F, than 11 on the level, in an 
embankment. Fig. 2664 : while the fall at K is nearer the centre F, than II on the level with F, in 
an excavation. Fig. 2GG3. 

Example . — In the cutting. Fig. 2G63, and in the embankment. Fig. 2664, 



Let A B = b a 30 ft. K L = 7 = 4 ft. 

CF = A = 18 ft. m : it = 8 : 2. 

MN =p= 6 ft. 



Consequently, 



3:2 = BI:ID = AI:JK = DN:NM = HL:LK 
51 ft. 



30 3x 18,3x6 

FN * 2 + ~r~ + ~r 






As the ground continues to slope up or down from F, the centre stake, the positions of M and 
K are often determined on the ground by a series of trials, or fudged out in an ofliee by some eluinsy 
mechanical construction or other. To avoid guessing, or rule-of-thumb operations, I will lay down 
a practical exact plan by which the positions of the side stakes K and M may lie easily found. The 
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positions of D and II on a level with F, the centre stake, can lie accurately calculated when tho 
height C F, breadth A B, and ratio of II I to I I) are given, therefore it is known, very nearly, where 
the lines A K and B M strike the surface of tho earth. And as F K and F M aro seldom in tho 
same straight lino, it is more accurate to find the ratio of F L to L K as well aa the ratio of F X to 
N M. Fig. 2(505. When these ratios are known, 
which may bo readily found by a level and 
target-rod, tho distance of M from F and of K 
from F are easily calculated. 

In the neighbourhood of M and K there 
are always short spaces before or behind M 
and K, in the directions of tho lines K F and 
F M, and it does not mutter how irregular tho 
surface is between these points. It is not 
necessary that the spaces before or behind K 
and M arc level or not, so that they are nearly 
in the directions of F M and F K. Set up 
aud adjust tho level at any convenient place 
X, outside the croas-section ; place the target- 
staff at Y, as near as you ore able to judge to 
the required point 31 ; read off the height & Y ; remove the staff to the centre stake F, and read 
off the height F T ; the difference between S Y and F T will give Q F, which put = r, measure 
Y F, aud put s = Y F. If the distance Q Y be not great, it may bo measured by tho same tape or 
chain that takes tho length of F Y ; or Q Y may be calculated, for Q Y s Vs* — r 9 , which put = t 
to make the reasoning more concise. 

Then the three sides of tho triangle Q F Y become known ; this triangle is similar to the tri- 
angle F X M, and hence 

F N : N M : : < : r, fn :fm::i:«, FM:MN::#:r; 




because tho three sides of the triangle, Y F, Q F, Q Y, are respectively represented by the three 
known quantities, s, r, t. Two of these quantities, s and r, may be measured in links or feet on 
the ground, and the third aide may bo measured or calculated ueeordiug to the circumstances of the 
case. Again, place the target-staff at Z as near the required point K as you are able to judge ; hut 
it does not matter where it is placed, as I have before observed, so that it is in the lino F K. Then 
read ofT the height Z V without changing tho position of the instrument at X ; from the height 
Z V take T F, the remainder Z K ia one of the aides of the triangle F Z R ; put this known height 
Z R = a; measure Z F with a tape or chain, aud put it = c; R F mny be measured and put = e, 
or calculated, for e = V c* — «*. As on tho other side of the centre F, the triangle F R Z is similar 
to the triangle F L K. Hence FKlKLlLF — c : a : <r. 

To render this method of proceeding as clear as possible I have dwelt on every point of the pro- 
cess, so that there could be no misunderstanding. This subject 1ms been treated by writers in a 
most slovenly manner: and by most of the empirical rules laid down by them it takes three or four 
trials to determine the position of a side stake. 

Let K F = x ami F M = y. AD=6; FC = A; Bl:ID = m:». 

And os wo have just found by the level and target-staff that 

F x : N M = < : r, FM:FN = <:t; 

Also, 

FL:LK = «;u, F K : K L = « ; d. 

I have selected these measures in tho most general manner, in order that the result may embrace 
all like cases. 



K L : LH = KJ : J A = n : r 



. 0 X . T tl . . . <lmX 1 It 

— : L II : : n : m ; or = L H. 

c fn 



FH - II L = L F. 



a m x 
c n 

c (» b -f 2 m A) _ 

2(f« + um) * 

aud henco the exact distance of the side stake K from tho centre F l>ecoines known. 



F H = 1 6 -f — ; 



e x _ b + mh 
c 2 ~ n cn 



LF = ib+- 

am x 



« : r :: y : = mn. 



FD + DN = FN. 



BI : ID = DN : NM = HI : 



:: — ^ = DN. 

$ ns 



FD =)(.+ —; 



FN : 



b mh m r u , . 

9 + r + TT ! 



» : t :: y : — = fn 



t y b m A mry 
s 2 n + n a 



2 

y = 



fl .n 

»(nb + 2 mA) 

2 (» t — m r) 1 



and hence the exact distance of the side stake M is readily determined. 

Example . — Given the breadth of the roadway A B = 28 ft. ; the height of the centre stake G F = 
A — 24 ft. ; the ratio of the slopes A H, B M, or B I : I D = 3 : 2. In a surface distance F Y - 
(30 ft. = ». A rise F Q = 7 ft. = r, is found by tho level and target-staff : in the surface distance, 
F Z = 50 ft. = c, a fall R Z = 4 ft. = a is found. Required the points K and M where the surface 
of the ground intersects the slopes that form the road. The solution of this problem aud of this first 
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example are given at full length, in order that the ground-work of the practical rule, to be given 
presently, may be well understood. 

FK;FN;MN = i;^i , -r*:r, 

FK:FL:LK = c: Jc' — a* to. 

GO 1 = 3600 
7* = 49 



t = *f«’ - r* = V3551 = 59-59 
50* = 2500 
4* = 16 



e=Vc*-u’= *m84 = 49-84 
50(2 x 28 + 2 x 3 X 24) 

2(49-84 x 2 + 4 x3) 



10000 

223 - 36 = H ’® ft* = tho distance from F to K. 



y = - 



60 (2 x 28 + 2 x 3 x 24) 12000 



= 6111, 



2(59 59 x 2 - 7 X 3) 196*36 " 

the distance from F to M. Although this calculation is simple and extremely accurate, yet tho 
generality of practical men requiro rules that can be applied without entering into the reasoning 
of the matter in every particular cane and example. To suit this class of practitioners I will lay 
down one or two other methods of finding the values of x and y. 

In Fig. 2666, by the use of the level 
and target-stair, as described in Fig. 

2605, let tho rise from the centre stako 
F. in the direction F Y, be determined ; 
which represent by the ratio t I 1. 

That is, F w : w Y : t : 1. 

In tl»e same manner, bv placing tbe 
target-staff at Z, iu the neighbourhood 
of K, find the fall from the centre stake 
F, so that F, K, Z, may he in the same 
straight line, or nearly so; in general 
terms this ratio may be represented by §3^ 
e to 1, that is, FR : KZ :: c : 1. 

Before going on the ground to net out side stakes, the lines of the figure II A B D are known ; 
the horizontal half-breadths F D, F H, are found from the height F C, and the 'breadth of the 
roadway A B being given. When the positions of H and 1) are known, it is not difficult to select 
some points, Z and Y, near them to ascertain the slope of the ground. In finding the half-breadths 
F D and F H, the ratio of B I to I D is also given ; this ratio may be represented by 1 ; that is, 

Bl:lD = l:»; DN : NM = 1 : n; HL : LK = 1 In. 

Put r = II L, then 1 : n !I t I nr = LK, 

Put II F = d = F D, the half horizontal breadth, through tho centre stake F. 



s 

a e. m l r. 




J 


1 


/ 




/ 


r 0 H W 

TV 



e J 1 l ! d — v ; 
Again, put DN = r, then 



d — v 



KL; 



- and v = 



nc + 1 



l : « i : ns = MN; 



and t 1 1 ; 



: d + * : — — - = m n. 



From which tho following simple practical rule may bo deduced. 

Jtul «•. — When the ground rises from the centre, increase the horizontal half-breadth, divided by 
the half-breadth by the product (less one) of the numbers that express the ratioof the rise and tho 
ratio of the slope, and the horizontal distance of the side stake is de termined. When the ground 
falls from the centre, decrease the horizontal half-breadth, by the half-breadth divided by the pro- 
duct (plus one) of the numbers that express the ratio of the rise and the ratio of the slope ; and tho 
horizontal distance of the other side stake is found. 

KxompU . — Given the breadth of a railway A B = 30 ft. ; the height C F = 26 ft. ; the side slopes 
1 : 2 (BI : I D :: 1 J 2); the rise of the surface from F to Y = 1 in 20 (FW | WY :: 20 : 1). 
The fall from F to D = 1 in 36 ; require* 1 the horizontal distances F N and F L, where the surface 
of the ground intersects the side elopes of the railmad. 

HF = y + 1 26 = 28 = F D, half the horizontal breadth meeting the side slopes on a level line 
through F. The horizontal distance F W may be measured iu lengths EG, P Y, when tho surface 
is irregular. 

2 x 20 - 1 = 39, and = *72 .*. F N = 28*72 feet. 

2 x 36 + 1 = 73, and f f = 38, .*. 28 -38 = 27*62 = F L. 

This calculation is so plain and simple, that tho positions of the side stakes are found in n few 
seconds. It should be noticed that in the ratios of the slopes, ami inclination of the ground, unity 
is taken for tho base of the side slopes, but for the perpendicular of the rise or fall of the ground. 
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Side Depths and Side Stakes. — In an embankment, Fig. 2667, given the breadth of tho roadway 
A B = 32 ft. ; the height C F = IS ft. : the side slop*** as 1 to | (BI l I D I! 1 ! |); tho fall of 
tho surface from F to M = 1 in 26} (FN : NM " 26} : 1); tho ride of the surface from F to K 
to 1)0 the same as the fall, which is very often the case. Require tho horizontal distances F N 
and F L, where tho surface of the ground will meet tho rise and slopes of tho rood. 



Q a 

DP= ?" + | X 18 = 43 = FH. 



20} x | = 17j 
tuko 1 



— = ~ = 2 58, 43 plus 2-58 = 45*58 = FN. 

16) 50 

.1*1 lOQ 

— = = 2-3. and 43 minus 2*3 = 40*7 =FL 

18} 56 ’ 

With embankments the rise answers to tho fall in cuttings, by inverting Fig. 2663 it becomes 
Fig. 2664 ; hence the rulo given for cuttings is easily mado to answer for embankments. 

m 

2S67. ^ 





In a cutting, Fig. 2 668, given the breadth of tho roadway A B^ 28 ft ; tho height C F = 20 ft.; 
tho ratio of tho side slopes It}; tho inclination of the surface of tho ground at tho cross-section, 
taken by a theodolite = 14 that is, tho angle MFD = HFK = 14°. Required tho horizontal 
distance K M and F L, where the surface of the ground meets the side slopes. 

90’ - 14° = 76°. 

The natuml tangent of 76’ = 4*010781, hence the rise and fall of tho slope of the surface of 
the ground ut tho croea>sectiou may be taken os 4*01 to 1, 



28 2 

DF = — + ^ 20 = 54 = FD. 



4*01 x } = 

Subtract .. 



Again, 4*01 x } = 2*005 

Add ..1*000 

3*005 

In an embankment. Fig. 2669, given the breadth 
of the roadway A It =30 ft. ; the height C F = 12 ft. ; 
tho ratio of the side slopes 11$; the elevation or in- 
clination of tho surface of the ground in the direc- 
tion of the cross-section ^ JT, that ia, angle KFH = 
DFM = 3°. Required the horizontal distances K M, 
F L, where the surface of the ground meets the side 
slopes. 90° -3° =87°: tan. 87*= 19*081137. Hence 
the rise and fall of the surface from the centre stake 
F may bo represented by the ratio 19*08 to 1. 

oft 4 

HF = - 2 + |x 12 = 31 = F 1). 

19-08 x $ = 14*31 

Subtract .. 1*00 



Add .. 54*00 half-breadth. 

EM = 107*73 ft 

r, 54*00 half-breadth 

— s 17*97 take 

3*005 

FL = 36 03 ft. 




Again, 19*08 x j 
Add 



31*00 = FD 
33*33 - EM. 



31*00 = FH 



Difference 28*97 = FL. 
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The simplicity of this plan of nutting down side stakes is apparent, and the formula from 
which it is dcducod is easily remembered. 

BL = — d = FH. DN = — — , ; d = FD. 
n<?+ l n t — 1 




It should be rememtwrod that in the ratio 1 to n, 1 represents the base, and n the perpendicular 
of the side slopes. In the ratio t to 1, t represents the Wee, and 1 the perpendicular rise in the 
case of a cutting, and vice versa in the case of an embankment, see Figs. 2607, 2668. Tho ratio 
e to 1, e represent* tho base and 1 the perpendicular. 

To set out the widths when tho surface of the ground is latemlly sloping, and when the cross* 
section consists partly of cutting and partly embanking. Let K, A, Q M B, Fig. 2C70, be tho 
cross-section of a railroad, consisting partly of a cut- 
ting Q M B, and partly of an embankment A Q K. 

Let / = A B = I) II, the bottom width, F the centre 
stamp, F C = A the depth of tho cutting, K M the 
sloping surface of the ground. First, suppose 
the embankment A K Q to occupy less than half 
the bottom width, os from A to Q, rig. 2f»70. And 
further, suppose the ratio of the slope of the earth 
on both sides of the centre stake F to be represented 
by the same ratio t to 1 ; that is. F N : N M ! : t ; 1, 
or FL : LK : 1. Yet the reasoning upon 
which tho practical rule is founded will apply to 
two different slopes of ground, from the centre stoke 
F, as in the former case. When the slope of tho 
ground is known, or the ratio t : 1 is determined, 
then the point Q where tho slope meets tho base 
is readily found; for 1 1 1 11 FC : OQ. Or, 

QO = ht. That is, if the height A multiplied 
by t be leas than AC, half tho breadth of tho 

roadway, the work will be at the cmss-section part cutting and port embanking. 

Let the side slopes be represented by tho ratio 1 : n, that is, 



BI:ID = DN:NMc HL:LK = 1 Put DN = Xy and HL = y. 

The horizontal liAlf-brendth F P, through F, to meet the slope of tho cutting, is found as in the 
former investigation, where the slope of the ground does not meet the roadway at either side of F. 

FD = £ -f ^ x A, which put = d. 



Tho horizontal half-breadth F H, through F, to meet the slope of the embankment K H, is 
cosily found when F D is known, for 

H D = A B = 6, ttndHF = HD-FD = 6-(l + -)=s--* 

\2 nr 2 « 



which put = 8 = II F. 

AJao, + x 



i : n :: r 



d 4- x 



= NM; 



n; = NM. 

,\ » x = 



d + jt 

~T~’ 



or x =r 



d 

nt - 1* 



This result is exactly tho same ns that given before, for the increase of horizontal breadth in tho 
case of a rise in cutting, or a fall in embanking. 



Again, 1 1 1 l : 8 + y l = KL; 



I : » : l y : * y = K L. 



ny = 



9 + y 



or y = 



which is a similar expression to that given for x ; tho only difference is that 8 = H F is put in 
the place of d = F D. 

Example , — Let A B = 6 = 28 ft. ; F C = A = 4 ft. ; the Bide slopes 1 : 2 (BI ! I D : ! 1 t 2) ; tho 
cross-slope of the ground 13 to 1 (F N : N M : : 13 : 1). Required the horizontal distances 
F N and F L where the slopes meet the surface. 

OQ 

FD = j- + }of4 = 16 = d. FH = 28-10= 12 = 8. 



16 12 

Sinco n = 2, and I = 13, ^ 13 ~ = '#*, <md ^ x )3 _ t = ‘18. 

16-64 = FN 12-48 = FL. 

Example. — In Fig. 2671, tho embankment MBQ occupies more than half the bottom width, 
as from B to Q. Let A C = C B — 14 ft ; F C = 4 ft. 

fl:lk::i3:i, HL:LK::i:2; 

os in the last example, required the horizontal distances from F to L and from F to N. 

Ou 

FD = — + J x 4 = 16 = d, FH = 28-16 = 12 = 8. 
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Example. — In Fig. 2672 the embankment A Q K occupies leas than half the bottom width from 
Q to A. Let A C = C B = 14 ft. ; 70 s 4 ft. ; 

f l : l k : : 13 : l ; B I : I D : : l : 2. 

Required tho horizontal distances from F to L, and from F to N. 



oa 

FD= — + i x 4 = 16 = <f ; 



16 



2 x 13 - 1 



= -64, and 



12 



2 x 13- 1 



F H = 28 — 1C = 12 = 8. 

= •48, FN = 16*64, and F L = 12 48 ft. 



Ex'imple . — In Fig. 2673 tho embankment Q B M 
occupies more than half the bottom width, from Q to 
B. Let AO x OB » 14 ft. ; FO = 4 ft. 



3M3. 



F l : L K : : 13 : l ; 



H l : L K : : i : 2. 



Required the horizontal distances from F to L ami 
from F to N. 



FD=“+lx4 = 10=A 




DS = i 



HL = j = 



FH= 28— 16 = 12=8. 
d 

- = -Irt | 

os in the foregoing examples. 



it - 1 
8 



nt - l 
FN = 16*64, 



= 04 
= -48 



and FL = 12*48 ft. 



By comparing the Figs. 2070 to 2673, and observing how the formulae 

I = ^i = DN ' »” j * = »-7 ^-i = hl - 



may be applied in every possible case, the setting out of side stakes, when part of the erosa-eection 
is a cutting and part an embankment, becomes easy. This article is taken from one of the Editor's 
works; — see O. Byrne’s ‘ P<tcket-book for Railroad and Civil Engineers.’ 

Works relating to this subject: — Macueill, ‘Tables for the Calculation of Earthwork,’ 8vo, 1846. 
F. Bashforth, ‘General Tabic for the Calculation of Earthworks,’ 8vo, 1853. D. Cuningham, 
‘Tables for tho Calculation of Earthwork,’ royal 8vo, 1867. Ureenbank and Pigot, ‘Metrical 
Earthwork Tables,’ square 16mo, 1867. J. C. Trantwine, 4 On Excavations and Embankments,’ 
8vo, 18«W. G. P. Bidder, ‘ hearth work Tables,’ 18m. 

EMBOSSING. Fb., Art de travaiUer en bosse ; Geb., Ilussiren ; Ital., Imbozzare ; SrA>\, Ticalcc. 
[See Arming Press.] 

EMBROIDERING MACHINE. Fb., Machine h broiler ; Gf.r.. Stickmaschine ; Ital., MaccMna 
da ricamarc ; Span., Mdquina para bord-ir. [Sec Sewinq Machines.] 

EMERY. Fb., tmeri; Ger., Bchmirget ; Ital., Smeriglio; Span., L’smeril. [Sec Polishing 
AND GRINDING.] 

ENGINE TURNING. Fb., Travail au tour ; Geb., Drechseln; Ital., Torno ad oruati geome- 
tric*; Spam., Ouillochis. [See Lathes.] 

ENGINES, VARIETIES OF. Fb., Machines; Geb., Mtischincn; Ital., Varieta di tnacchine ; 
Span., Closes de m&jvinns. 

We have before* stated that kindred articles, ami those not complete in themselves, may bo 
traced and combined by observing the references appended to such articles ; thus, nil that 
appertains to Steam aud the Steam-Engine will be found under the articles headed Boilers, 
Details op Engines, Gearing, Indicators, Link-Motion, Locomotives, Marine Engines, 
Parallel Motions, Pimps and Pcmping-Kngines, Slide-Valves, Stationary Engines ; aud 
in the present article under the appellation. Engines, Varieties op. Steam-engines treaUxl of 
in this place have peculiar mcchnuical combinations and arrangements, or they ore cmployid to 
effect imrticuliir objects which require special notice. 

The Corliss engine, in all except the cylinder with its valves and valve-gear, is substantially 
the same as any nrdiuary steam-engine : but it embodies in the arrangement of the cylinder and 
valve-gear several principles that had previously been used separately. 
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First, independent ports are used for admitting and for exhausting the steam at each end of 
the cylinder, with four separate slide-valves worked from a single eccentric. 

Second, the steam is cut off from the cylinder by the main steam-valves, without the employ- 
ment of any supplementary valves for the purpose. 

Third, the steam-valves are opened against the resistance of springs, and a liberating gear is 
employed by which the valves are disconnected and left freo to bo closod by tho springs. 

Fourth, after tho valves are closed, the springs are brought to rest without shock by tho 
application of the contrivance known os the dash-pot, invented by F. E. Sickles. This consists of 
a small cylinder with closed bottom, in which a piston is fitted to work easily ; and by a suitablo 
arrangement of openings the air is admitted freely to the cylinder while the piston is moving, 
except when it approaches tho bottom, at which time a certain amount of air is imprisoned, form- 
ing a cushion to prevent any shock when tho piston actually reaches tho bottom. 

Fifth, the speed of the engine is regulated by tho governor acting on the Bteam-valvcs to cut 
off tho steam earlier, instead of acting on a throttle-valve to roduce tho pressure of tho steam. 

It is tho embodiment of these several principles, anti the arrangement and construction of tho 
details in the mechanism employed, rather than tho application of any new or untried principle, 
which constitute tho special features of the Corliss valve-gear. 

Cylinders with four separate passages and independent steam and exhaust slide-valves were 
used by Seaward previously, tho valves employed being flat slides, but hot worked in connection 
with any liberating gear : and a number of marine engines were made on this plan. In tho 
earlier Corliss engines. Seaward’s cylinders and slides were used ; but tho valvo now employed is 
a cylindrical slide working in the arc of a circle on its scat, and receiving a rocking motion from a 
central valvo-spindle. Although separate valves and passages were employed previously for steam 
and for exhaust at each end of tho cylinder, tho motion imparted to the steam-valves waa 
invariable, and any expansion of the steam was effected by the lap of the valve. Tho speed of 
the engine also had to do controlled by throttling or shutting off too steam with a supplementary 
valve; and in this respect the first step in advance is made in tho Corliss gear by tho addition of 
tho principle of liberating tho steam-valve. With tho employmrtit of liberating gear it became 
necessary that au independent force should be available for closing the valves when they were 
detached, and for this purpose weights were first used ; but springs have since been substituted 
for the weights, because they aro quicker in action, effecting a sharper cut-off, and are better 
adapted for quick working. Liberating gear for the steam-valves was indeed used by Watt, so 
that tho principle may be considered almost as old as tho steam-cDginc itself ; but in Watt’s time 
it wns more frequently for opening than for closing tho valves that the weights used in that 
method of working were employes!, and as might bo ex|>octcd the mechanism was not very perfect 
iu its details. At that time the drop or poppet valve was used for the purjmse. 

To F. E. Sickles, of New York, is due tho creelit of perfecting the liberating gear as applied 
to the poppet or the double-beat valves, in the cut-off gear which bears his name. In this valvo- 
gear, whicn was introduced in 1841 in America, the dash-pot is applied elirect to the valvo itself, 
to arrest tho progress of the valvo and prevent it from striking on its Beat. It should be observed 
that there is an essential and important difference between the use of 
drop-valves and slide-valves, in connect)- >n with liberating valve-gear; 
for in the one case the dash-pot is applied t<> am-.-t the valvo itself ami 
prevent it from striking on its seat, but in the other it is only required 
to prevent the concussion of the weight or spring that is used to close 
the valve. If the drop-valve, in order to prevent concussion, is made 
to fall slowly just os it approaches its scat, it is evident that there must 
bo a certain amount of wire-drawing of the steam : whereas with tho 
slide-valve the motion of tho spring or weight which closes it is not 
arrested by the dash-pot till after tho valve is closed nud the steam com- 
pletely cut off ; hence while the cut-off with the slide-valve must be per- 
fect, with the drop-valve it must at best Is? to a certain extent imperfect. 

Regulating the speed of steam-engine* by connecting the governor 
to vary the degree of expansion, instead of throttling the steam, was ad- 
vocated, if not practised, by Watt, and many different arrangements huvo 
boen invented and applied for effecting this object. In the Corliss ex- 
pansion gear tho governor is connected to the clips used to liberate tho 
steam-valves, and according as the pressure of steam in the lioiler or 
the load on tho engine varies, tho supply of steam to the cylinder is 
out off at an earlier or later period of eae^i stroko ; so that the spoed of 
the engine is kept uniform, without the addition of any throttle- valve 
in the steam-pipe. Whilo the steam-valves aro thus controlled by tho 
governor, und caused to close at an earlier or Inter period of tho stroko 
to suit the varying conditions of the eteam-pressuro or load on the 
engine, tho ex haunt- valves have an invariable motion, and are ni>onod 
ami closed at the same point of the stroke, whatever may be the degree 
of expansion. 

The disconnecting valve-gear for working the steam- valves, as origi- 
nally introducid by Watt and applied for tho purpose of opening nr 
closing poppet-valves, is shown in Fig. 2674. It was usual in this 
gear to communicate motion to the valves by a mil A called a plug- 
tree, attached to some moving part of tho engine, generally to the 
beam ; on this rod were fitted tappets li R, to open or close the valves 
when moving in one direction, ami when moving in the opjiosite direction to trip or liberate the 
catches and allow tho weights to act for cither closing or o|>cuing the valves as might be arranged. 
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The drawing shows the plug-tree A with its tappets BB, the valve 0, tho catch D, and the 
curved lever E for tripping the catch, the weight F for closing the valve, and the dash -j tot Q 
for bringing tho weight gradually to rest when dropped. All tho details are rude and clumsy, 
but it can bo seen that there is in this arrangement the germ, so to speak, of the Corliss expan- 
sion gear. 

In Fig. 2675 is shown the arrangement of gear employed in tho earlier Corliss engines in 
America for actuating the steam-valves ; and the contrivance used for tripping or liberating tho 
catch, in connection with a governor, to produce the sudden closing of tho valves. In this 
arrangement a weight II was used, attached to a lever on tho valve-spindle I, to supply tho 
external force for closing tho valve when the catch K was liberated, tho weight falling in a dash- 
pot similar to that in Watt’s gear. This plan was improved several years ago by Corliss, who 
then introduced an arrangement in which the catches push the valves open instead of pulling 
them, and tho valves are closed by long blade-springs fitted to vibrating levers. The tripping of 
the catch is effected by curving up the back end at K, and this end when moving forwards comes 
into contact with a plate L, which is acted on by a rod M connected with the governor ; the rod M 
carries an incline, which raises or lowers the plate L according to the changes in position of the 
governor balls, so that when tho plate is lowered by tho govoraor balls flying out in consequence 
of excess of speed, the catch K is tripped sooner, ami reduces tho supply of steam to the engine 
by cutting off tho steam earlier. A low engines fitted with this arrangement of goar were made 
in this country some years ago, but the plan appears to have since fallen into disuse. 




Tho present improved construction of the Corliss engino is shown in Fig. 2676, which is a side 
elevation of the cylinder and valve-gear of a small horizontal engine mode by Hick Hargreaves 
and Co., of Bolton, for tho Boyal Arsenal at Woolwich, from designs by William Ingiis. This 
engino, which has I2-in. cylinder and 2-ft. stroke, works at 100 revolutions per minute. The cylin- 
der is shown in transverse section iu Fig. 2677, and in longitudinal section iu Fig. 2678. Tho 



26??. 




26? S 




ateam-valves A A are placed on the top of the cylinder, and the exhaust-valves B B at the bottom, 
separate pipes leading from them at each end of tho cylinder. The steam-valves are closet! by a 
spring dash-pot C C, which pulls upon each valve-rod os it is drawn out ; and the liberating gear 
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consist 1 * of a pair of side spring-clips D I), which arc released by tho rocking of a double toe-lever 
E E, and then allow the steam-valve to l>e closed by the action of the soring : tho spring-elips and 
toe-lever, and the valve-gear generally, are similar to those afterwards described in the Saltairo 
engines. The valves are cylindrical on the face, Wing similar in action to ordinary slide-valves, 
but working upon a cylindrical instead of a flat face; the valve face is a longitudinal segment of 
a cylinder, having recesses on its inner side, into which drop the projecting arms of tho valve- 
spindle, so that tho valve is moved by the partial rotation of tho spindle in opposite directions 
alternately. The pressure of the steam on the valves tends to press them up to the face, only 
when tho ports aro closed ; so that when the ports are opened, the valves move with practically no 
friction from the steam-pressure, and thuN the pull required to close the steam-valves is small, and 
is practically independent of the pressure of tho steam. 

The cylindor is steam-jacketed both on the body and on the ends ; and an improvement in the 
construction of these cylinders has recently been introduced by the writer, considerable trouble 
having been experienced in getting the jacketed cylinders sufficiently hard when cast in one piece, 
on account of the risk from crocking if cast with hard metal, and also in consequence of the anneal- 
ing process that tokos place during the cooling of the castings. The improvement consists in 
making tho cylinder ana valve-chest in four distinct nieces, with flanged face-joints F F to connect 
all together, os shown in Fig. 2678. The cylinder anti the steam-jacket are two concentric castings, 
fitting one inside the other, with a flange F F upon the jacket only ; and a separato casting at each 
end forms the valve-chests above and below the cylinder, with a ring connecting tho two valvo- 
chcets ; tho end of tho cylinder is fitted into this ring, and the cylinder cover is fixed upon it, all 
the fitting surfaces being turned and bored. The separate castings are thus rendered quite simple, 
and can be made of any degree of hardness without risk ; while tho flanged face-joints provide 
security against leakage, much better than if tho inner cylinder were simply let in, with slip 
joints parallel to its bore. A saving of time in making can also be effected, as the work on tho 
separato pieces can be proceeded with in several machines at the same time. 

Figs. 2679, 2680, show a front and side elevation of one of the now cylinders with the improved 
Corliss expansion gear that have recently been erected at Saltairo by Hick Hargreaves and Oo., 



2 * 79 . 




2*80. 




from designs by C. G. Porter. The engines aro beam-engines coupled together, with 50-in. cylinders 
and 7-ft. stroke, working at thirty revolutions per minute. There aro two pairs of engines to bo 
replaced, four cylinders in all, ami tho new cylinders have been put in place and now completed 
for one pair, and are the same size ; the previous cylinders had double-beat valves actuated by a 
cam-motion. Figs. 2681 to 2683 are vertical and horizontal sections of one of the cylinders, show- 
ing the valves. The cylinders and cylinder covers arc steam-jacketed ; and tho valve-chambers 
are cast with the cylinders. The steam-valves CC are in front and the exhaust-valves DD at the 
lwick of the cylindor, and the valve-gear is placed on the sides of the cylinders between each pair 
of engines. The steam and exhaust passages K K are cast separate from tho cylinder, and pro- 
vided with expansion joints F F. shown in section in Fig. 2681. The valves are cylindrical on the 
face, similar in construction to tnose of tho Woolwich engine previously described. All the four 
valves are opened by the eccentric rod T, Fig. 2080, acting on an oscillating disc U, to which tho 
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four valves aro connected by rods; the exhaust-valves D D arc also closed by the wimo means, but 
the steam-valves CC are released, and are closed by an air-spring P. The stop-valve G in tlio 
steam passage is similar in make to the steam- valves, and is opened by a worm and worm-wheel 
to regulate the supply of atcaiu; but it can be closed suddenly on any emergency by means of the 





aa«3. 





lever-handle II, which is keyed 
upon the valve-spindle, and is con- 
nected to tho worm-wheel by a 
detent that can be instantly disen- 
gaged, the worm-wheel being loose 
upon the valve-spindle. A small 
auxiliary conical stop-valve I 
opened by a screw handle is em- 
ployed for turning on the steam 
gradually at starting, to relieve the 
pressure on the main stop-valve G. 

Tho construction of the liberat- 
ing valve-rod introduced by Spencer 
and Inglis, for the disengaging gear 
to release the steam-valves, is shown 
in Pigs. 2691 to 2686. The valve- 
rod Is divided into two portions, one 
sliding steadily within the other at 
the cylindrical part A A ; and tho 
two arc held together by the pair of 
spring-clips Bli fixed on one por- 
tion, which rest on corresponding 
shoulders GO on the other portion 
of the valve-rod. The clips aro re- 
leased by the double toe-lever D, 
which rocks upon a transverse 
centre pin, and is shown in its two 
extreme positions in Figs. 2684, 

2685; the outer end K of tho ana 
of the toe-lever being held by tho 
rod L, shown iu the general draw- 
ing, Fig, 2080, the toe-lever R is 
mode to rock in each stroke of the 
valve-rod, and the particular point 
of the stroke at which tlio toe-lever reaches its extreme position and disengages the spring-clips 
B B is determined by the position of the end K of tho toe-lever arm, which is not stationary, 
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but is acted on direct by the governor through the rod L. By this means all changes in position 
of tho governor balls produce corresponding changes at the same time in the position of the 
fulcrum upon which the toe-lever acta, causing the release of the spring-clips to be earlier or later 
in the stroke, according as the speed of the governor is greater or lees than tho correct rate, and 
thus regulating the engine by cutting off the steam earlier or later accordingly. The disengaging 
mds L Ij from the two steam-valves are coupled together by a pair of toothed segments M M, 
shown in Fig. 2080, and also in tho enlarged drawing. Fig. 2087 ; and tho rod N, Fig. 2030, con- 
nects these with tho governor. The spring-clips BB fall upon leather faces OO, to prevent any 
blow in closing : and the ougaging edges of tho clips and tho shoulders aro hardened steel faces 
let in and readily renewable. 

The air-spring dash-pot P for this gear, Fig. 2080, is shown enlarged in Fig. 2087, one half in 
section. It consists of two cylinders, one within tho other; tho largo cylinder has a loose-fitting 
piston R K, and the small 
cylinder a trunk piston 
6 8 fitted with metallic 
packing: the under-side 
of this trunk piston is in 
connection with tho con- 
denser. The pressure of 

tho atmosphere is there- 
fore constantly pressing 
tho small piston in, and 
this forms the spring for 
instantly closing tho 
steam-valve when libe- 
rated from tho clip-rod ; 
the largo piston R is 
coupled to the small one 
8, and acts as a dash-pot 
to prevent concussion in 
closing tho steam-valve, 
as tho air below tho 
loose-fitting large piston 

R has to be driven out at tho moment of closing tho valve. 

The Allen Engine and Governor. — C. Porter, in the Proceedings of I. M. E., justly observes that tho 
principal objects to be aimed at in carrying out expansion in a steam-engine, so as to ofTect the greatest 
economy, may be stated to be; — that the full boiler-pressure should bo carried into the cylinder at 
the commencement of the stroke, and maintained up to the point of cut-off ; — that the cut-off should 
be sharp, without reduction of the steam-pressure by wire-drawing ; — and that the exhaust should 
l>e invariable, allowing the steam-pressure to Act to tho end of tho stroke with all degrees of expan- 
sion, and discharging the steam with the least loss from back pressure during the return stroke. 





The attainment of these objects has generally been considered practicable only by means of some 
kind of liberating valve-gear, in which the valve is released from the gear when wide open, and is 
closed suddenly by a spring or by tho action of gravity, so as to avoid the reduction of pressure by 
wire-drawing, which ordinarily takes place through the gradual closing of the steam-port by a slide- 
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valve worked with a continuous motion. Many ingenious constructions of liberating valve-gear 
have been invented for effecting this object; and amongst them the Corliss engine, just described, 
has been found to accomplish the desired end very successfully. 

In the Allen engine, however, the preceding requirements are met by a direct continuous action 
of the slide-valves, which gives a sharp cut-off to the steam admitted at full boilor-nrcosure, and a 
high range of expansion, together with a very free exhaust- At the some time this arrangement 
obviates the objection attending the principle of a liberating valve-gear, namely, tlmt the speed at 
which the engine can be worked is limited by tho circumstance of the valve having to be discon- 
nected from the driving gear and connected again at each stroke of the engine. The Allen engine 
admits <>f being worked at a very high speed, much higher than is usual in stationary engines: and 
it maintains complete steadiness of motion at this high speed, combined with a great uniformity in 
the driving power throughout each revolution, although tho steam is admitted at an unusually high 
pressure at the commencement of tho stroke. 

The engine is represented in Figs. 2688, 2689, which show a side elevation and plan of an 
engine with cylinder of 12 in. diameter und 24 in. stroke. This engine whs employed at the works 
of the Whitworth Company, at a constant spew! of 200 revolutions a minute, or 800 ft. a minute 
•peed of piston, driving a considerable portion of tho machinery in the works ; and a similar engine 
was worked at the Paris Exhibition, running at the same speed. The engine is horizontal, fixed 
upon a bed-plate, ami working an air-pump direct from tho piston-rod, which is prolonged through 
the outer end of the cylinder. The slide-valves an? worked by a link-motion, which is controlled 
entirely by tho governor, giving a variable degree of expansion according to the amount of work 
to he dnno by tho engine; but the steam is always admitted to the cylinder at full boiler-pressure, 
without passing through a throttle-valve. 

Valreti and Valoe- Motion . — The steam slide-valves are shown in the longitudinal and transverse 
sections of tho cylinder, Figs. 2690, 2691. Tho steam-valves are independent of the exhaust- 

2690. 



valves, and two separate valves are employed, 
one for each port. The two stcain-vaivcs E E are 
driven with separate motions, independent of each 
other, so as to effect a sharp cut-off at each end 
of the cylinder by tho rapid motion of each valve 
at the point of closing the port ; the motion of one 
valve being rapidly accelerated at the point of cut- 
off, at the same time tlmt the other valve is greatly 
retarded. Each steam-valve consists merely of an 
open rectangular frame sliding between two paral- 
lel faces, which are fixed, bo that the valve is in 
equilibrium and its motion is not affected by the 
pressure of the steam. The outer face F, against 
which the back of the valve slides, is a rigid nlate 
bridging across the port and fixed down solid to 
the port face; and it is adjusted so as to allow the 
valve to slide freely, but with so good a fit ns to be 
steam-tight. The travel of the valve in opening 
extends beyond the two faces, an os to admit tin* 
steam to the port at four places simultaneously, as 
shown in the separate diagrams. Figs. 2700, 2701, 
in which the length of the valve-rods and th« 
distance between the valves arc shortened for convenience in the diagram. In Fig. 2700 the steam 
is shut off from the nearer port ; and in Fig. 2701 the farther steam-valve is shown at the point of 
opening the port, just previous to the commencement of tho stroke, the crank being at that moment 
in the position shown by the dotted line. 

In order to maintain the proper working of those valves, the back plate F, Figs. 2690, 2C9I, is 

4 x 
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mode very rigid, so as to provont any yielding under the pressure of the steam : and the entire plato 
with its side supports being surrounded by the steam is consequently exposed to the same expansion 
as the slide-valves. In onler to provide the means of adjustment in case of any wear, n packing strip 
is inserted on each side between the back plate and its side snpjiorts ; so that by reducing the thick- 
ness of these packing strips the two faces can bo readily let together at any time to fit the slide- 
valve. The wear is found however to be so exceedingly slight, on account of the absence of pressure 
on the rubbing surfaoes, that there is no probability of any adjustment being required oftener than 
once a year. 




The exhaust- valves G G are also two separate valves, as shown in Figs. 2690, 2691, and in tho 
diagram. Fig. 2702; but they move together and are driven by the same valve-rod. These slide- 
valves are of the ordinary form, and work in separnto chambers, between the steam-valves and tho 
cylinder; they travel beyond the port face, so as to open for tho exhaust at the two edges simul- 
taneously. As the steam -valvea, however, open at four places simultaneously, the exhaust-volvoa 
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are made of nearly double the width, ns shown in Figs. 2091 and 2093, in order to give a correspond- 
ing area of opening: and the extent of their motion is such ns to give an area of oj>ening for release 
of the steam more than double the largest area for admission. These valves work in equilibrium 
through most of their stroke. 





Although there are thnB four separate vnlvea for the steam and exhaust, the motion of all of 
them is obtained from a single eccentric, which is fixed on the cmnk-ahaft in the same position aa 
the crank, and without any lead, as shown in the diagram, Fig. 2703. The eccentric is shown in 
Figs. 2097 to 2099, and has a curved slot in one side of the strap, which acts as the expansion-link: 
and it is guided in its motion by being connected to the upper end of the vibrating lever H centred 
below. Two valve-rods, I and J, are connected to the same slide-block in the link, and attached at 
the other end to two separate bell-crank levers upon intermediate rocking shafts, as shown in the 
diagrams, Figs. 2700, 2701. One of these rocking shafts is made tubular, with the second running 
through it, as shown at K, in Figs. 2098, 2099, so that the two shafts work independently of each other. 
The second arms of the two bell-crank levere ore connected respectively to the two steam-valvca, 
Figs. 2700, 2701. The slide-block in the expansion-link is carried by two side liuks from the arm 
of the governor, as shown in Fig. 2088, so that its position is regulated entirely by the governor, the 
block being lowered so as to cut ofT the steam earlier whenever the governor balls begin to fly out 
in consequence of any increase of velocity. 

4x2 
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The motion of the exhaust- valves is invariable, ami they are connected direct to a point 1*, 
Figs. 2097 and 2699, beyond the outer end of tho link-slot. A greater travel is thereby given to 
the exhaust-valves, an shown in Fig. 2702. than tho greatest travel of tho steam- valves; and this 
motion is continued the same during every change of expansion produced by shifting the slide- 
block from which tho steam-valves are moved, so that the exhaust continues equally free with every 
degree of expansion. The point of connection to the link in so placed as to give the required lead 
to tho exhaust-valves, and is arranged beforehand to suit tho intended speed of piston. The 
exhaust-valyes are driven through an intermediate rocking shaft M, Fig. 2099, for reversing the 
motion obtained from the eccentric ; and a pair of valve-spindles are used, one at each edge of the 
two valves, as shown in Figs. 2691 ami 2693, and working within the intermediate exhaust-port. 
Fig. 2690. Tho spindles are guided at each end, and each valve is connected to them by two studs 
fixed in the valve, which fit into slots in the spindles, working clear within the opening of the |*»rU, 
Figs. 2090, 2091, and 2702. In the case of the steam-valves, its the two valves hove independent 
motions, the spindle for driving the farther valve posses free through a short tube in the lower side 
of the nearer valve. Fig. 2091 ; the two spindles are made to clear each other by the valves being 
placed out of line with each other, os shown in the elevation of the steam-port faces. Fig. 2692; 
the spindles arc kept central in each of the valves. 



X7W. 




All the valves are readily accessible by simply removing the nuts of the steam-chest cover N, 
FigB. 2690, 21591, os the steam-chest is not cast solid upon the cylinder, hut is a separate rectangular 
frame OO, fitted down with a Bcraped joint on both faces, ana secured by the same through-twits 
that fix the cover N. Thi» construction has the important practical advantage that tho steam-chcst 
can bo entirely removed, and all the port faces can be readily got at like plain outside surfaces. 

In this valve-motion tho proportion between the throw of the eccentric and the length of 
eccentrio-rod, or the distance from the centre of the eccentric to the centre of the link, is made the 
same as the proportion between the main crank and the connecting-rod, which in this engine is 
1 to 6, or the length of connect in g-rod is three times tho stroke. Consequently as tho eccentric is 
set exactly to correspond in position with the crank, tho angular vibration of the one compensates 
for that of tho other, and an exactly correct valve-motion is obtained, giving the same results for 
each end of the cylinder. A considerable difference often exists in the indicator figures taken from the 
opposite ends of a cylinder, in consequence of the discrepancy between the motions of the connecting- 
rod and tho eccentric-rod ; and the difference in speed of piston during the first degree of rotation 
of the crank at the extreme opposite en<ls of the stroke amnunts to 28 |»er cent, of tho higher speed 
when the connecting-rod is six times the crank, S3 per cent, when five times, and 40 per cent, when 
fonr times the crank. In such cases, therefore, the poiutof cut-off is not the same in the two strokes 
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of the piston : but in the present engine the two strokes an* identical throughout, in consequence 
of the eccentric and connecting rods having exactly {Mtrallel and simultaneous motions. 

The connection of the expansion-link to the steam-valves by the intermediate bell-crank levers 
introduces in effect a toggle-joint movement, which has the important advantage of allowing the 
length of the valves to l>»j reduced very considerably, because more than half of tho lap or useless 
luoiiou of tho valves after having covered the porta is dispensed with by their motion being greatly 
retarded at that time ; whilst the opening for steam admission is correspondingly increased by the 
motion of tho valves being accelerated at the opposite extremity of their travel. This variation in 
the motion is shown by the diagram of the link-motion in frig. 2703, and also in Figs. 2700, 
2701, together with the varying angular motion of tho bell-cnuik levers on tho rocking shaft, tho 
reference letters indicating corresponding positions throughout. The result is Been to be a very 
gT«ait range or variation in the motion of the valves, giving on the one hand a wider steam opening 
and a sharp cut-off with high degrees of expansion, and on the other hand a very slow motion of 
the valve during tho time that it is simply retaining the port closed. The whole action is obtained 
with a continuous ami jicrfectly smooth motion throughout. 

In the adjustment of the centres of the link-motion, the centre of the supporting lever H, 
Fig. 2099, is slightly lowered, so that its upper end vibrates entirely below the centre line, as 
shown in Fig. 2703, in order thereby to equalize tho extent of tipping of the link at the two extre- 
mities of its vibration. This gives a slightly increased lend to the steam-valve opening at the 
farther end of the cylinder, where tho motion of the piston is the more rapid on account of the smaller 
arc of rotation of the crank ; but the poiut of cut-off of the valves is exactly tho same at the oppo- 
site ends of the cylinder for each degree of expansion, and tho point of cut-off can bo varied from 

of the stroke to the very commencement of the stroke. 

For the purpose of obtaining the full benefit of expansion, it is requisite, in addition to having 
the full boiler-pressure in the cylinder and providing a sharp cut-off, that superheated steam should 
bo used, in order not only to prevent water from being carried over into the cylinder with the 
steam, but also to prevent any loss arising from the freshly admitted steam becoming condensed 
in the cylinder by contact with the cylinder surface which has been cooled in the previous expan- 
sion. About 50° Fnhr. of superheating is found desirable; and this proves a more efficient mode 
than steam-jacketing, because the superheated steam on admission into the cylinder supplies heat 
to the very surfaces that have been cooled by exposure to the low-pressure ex {Minded steam. 

Speed of Piston . — One of the objects aimed at in this engine is to work at speeds considerably 
higher than those ordinarily used in any but locomotive engines. For the following reasons it is 
considered that the speed of piston should not bo loss than 600 ft. per minute; but these engines 
have been worked continuously at the higher speed of 800 ft. per minute with complete success, 
and it is believed that still higher speeds may in some cases be employed with advantage. The 
valves and the whole of the working parts are so well adapted to maintain a high speed, that the 
practical objections which ordinarily limit the speed of piston to lower rotes do not apply in the 
case of the present engine. 

The principal object in adopting the high speed of piston is to obtain a sufficient reciprocating 
force in the moving parts for balancing the initial force of tho steam upon the piston when admitted 
at full boiler-pressure at the commencement of the stroke, ho as to relieve the cmiik from strain on 
passing the centres ; and also to equalize more fully the driving force upon the crank during tho 
entire stroke. At the commencement of each stroke, an accelerating force is required sufficient to 
put iu motion the mass of the reciprocating parts at the velocity at which the piston moves from a 
stuto of rest ; and the speed of piston is adjusted so as to make this required force as great as tho 
actual full force of tho steam upon tho piston when admitted at tho boiler-pressure, so that the two 
forces are in equilibrium at that point and the crank-pin is thereby relieved from strain when pass- 
ing tho centre. This accelerating force imparted to the piston at the commencement of the stroke 
is given out again during the retardation of tho piston in tho latter half of the stroke, and thus 
compensates for the diminishing driving force of the expanding steam, and acts to equalize the 
driving power upon the crank. A similar action takes place in all engine's, hut at the speeds of 
piston ordinarily employed its extent is too small to produce any material effect ; and it is only 
with a high speed that the effect becomes important, since the force required to put in motion or to 
stop the reciprocating parts increases rh the square of their velocity of motion. Where a high 
speed is combined, as in this engine, with an unusual weight of the reciprocating parts and a short 
stroke, the inertia of these {tarts acts as a powerful reciprocating fly-wheel to equalize tho driving 
power of the engine throughout the revolution of the crank. 

In the present engine the weight of the reciprocating parts is 470 lbs., the cylinder 12 in. 
diameter by 24 in. stroke, and the number of revolutions 200 per minute, or one revolution in 
0-3 second. Taking the motion of the piston in the first degree of revolution of the crank at tho 
commencement of the stroke, the extent of motion will be the versed-sine of an angle of 1° with a 
radius of 1 ft., or 0*000152 ft. in the time of of 0*3 second, or second ; which is equiva- 
lent, os regards the accelerating force required to produce it, to a motion of 219 ft. in one second, 
the space passed through under a uniform accelerating force being in proportion to the square of 
the time. This motion of 219 ft. in one second is 13*7 times the effect of gravity (10*08 ft. in one 
second); and consequently the force required to impart the velocity amounts to 13*7 times the 
weight of tho reciprocating parts (470 lbs.), making a total force of 0439 lbs., which is equal to a 
pressure of 57 lbe. per square inch upon the area of the 12-in. piston. It follows, therefore, that 
the steam at the full {treasure of 57 lbs. may be admitted emdaenly to the cylinder at the com- 
mencement of the stroke, without causing any strain upon the crank-pin; and indeed this full 
pressure is absolutely required upon the piston at that moment, in order to prevent a strain in tlio 
opposite direction upon the crank-pin from the inertia of the reciprocating {-arts. 

For carrying out a high degree of expansion a high speed of piston is essentially requisite, in 
order that a sufficient amount of equalizing effect may be obtained from the inertia of the re- 
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ciprocating parts, to compensate for the extreme variation in steam-preasure which is consequent 
ujton an early cut-off. Indeed, in consideration of smoothness of running, the engine should bo 
run so fast that the driving force produced by the highest pressure of steam cannot exceed the 
inertia of the reciprocating parts ; and then n knock upon tho centres becomes os impossible as it 
would be in a revolving sling. 

A high speed of piston is also advantageous on account of the reduction in sizo of engine 
required to supply a given amount of power, whereby an important saving in s)mco and cost is 
effected ; and also on account of the increased uniformity of motion obtained with the higher 
speed. Taking the case of a single engine in placo of a pair of coupled engines running at half 
tne speed, the strokes are as frequent as those of the pair of engines, while the inequalities in tho 
rotative force are not much larger, owing to the great equalizing effects of the inertia of the re- 
ciprocating parts at the high 8]>eed. Moreover, as the regulating power of tho fly-wheel increases 
in prej>ortion to the square of the number of revolutions in a given time, the same wheel has four 
times tho regulating jiower when run at double the speed. 

Tho practical objections generally considered to apply to a high speed of working are, increased 
wear and tear, risk of hot bearings, cutting of the cylinders and pistons, and shaking loose in tho 
fixings. But instead of any difficulties of this kind having been experienced, this engine runs 
smoothly and quietly, without tremor and without warming in the bearings, running continuously 
without requiring attention, and showing exceedingly slight wear in the cylinders, valves, and 
bearings. This result has been attained simply by good mechanical construction and workman- 
ship; avoiditig any imbalanced action, overhanging strains, insufficient stiffness of framing, 
inadequate bearing surface, or want of truth in workmanship. Unless all these conditions are 
carefully attended to, high speed is certainly not practicable; but when they are thoroughly 
carried out, no difficulty is experienced in working at anv desired speed. 

In tho previous consideration of the effect produced by the inertia of the reciprocating parts, 
this has been taken as the same at each end of the stroke ; but in reality a considerable difference 
is caused bv the angular motion of tho connecting-rod at the two ends of the stroke ; and the actual 
motion of the piston during the first degree of rotation of tho crank, instead of being 0’ 000152 ft. 
at each end, is 0 - 0001 78 at tho outer end of the stroke, and only 0‘ 000127 at the inner end. 
Consequently, from this approximate male of calculating bv the difference in motion of the piston 
during the first degree of rotation from each end of the stroke, the pressure on the piston required 
to balance the inertia, instead of Wing 57 lbs. an inch at both ends, as named la-fore, would be 
06 lbs. at the outer end and 47} lbs. at the inner end. In the case of inverted vertical engines, 
the weight of the reciprocating parts acting vertically tends to equalize these amounts, by being 
adde-d at tho outer or upper end and deducted at the lower end. For this reason, and on account 
of the inoro correct support of the cylinder and the absence of overhanging strains, that form of 
engine seems preferable for the highest speeds. 

Condenser and Air-Pump . — In the arrangement of the condenser and air-pump the object has 
been to meet tho difficulty of combining tho advantage of a simple direct-acting air-pump with 
tho very unusually high speed of working, 200 revolutions per minute. This has been effected 
with complete success by the construction adopted ; a vacuum of 27 in. of mercury is maintained 
with great steadiness, and tho air-pump works quite quietly and without noise at the full speed, 
and keeps thoroughly in order without requiring any attention. 

The air-pump, as shown in Figs. 2088, 2081), and in the transverse section, Fig. 2694, is a 
nearly cubical box filled with water, with a plunger working through a stuffing-box in the lower 
)>art; the plunger is attached to the piston-rod and forms a continuation of it. Tho end of the 
plunger is made of a parabolic shape, as shown in Fig. 2688, for displacing the water easily; and 
the plunger works entirely immersed in the water, simply displacing its own bulk of water at 
each stroke. 

The inlet and ontlet valves are all placed in the top plate of the box in two parallel rows, 
three inlet-valves in one row and three outlet-valves in the other, as shown in tho plAn, Fig. 2689. 
They are india-rubber disc-valves with 8 in. diameter of opening, Fig. 2694, and slide parallel 
upon their centre spindles without any bending of the india-rubber, being fitted with a metal 
plate and a long centre bush to guido tho discs steadily in opening and closing, and to prevent 
any wear upon the edge of the india-rubber. The lift of the valves is alxmt $ in. ; and in order 
to obtain a auick action in closing they are closed by spiral springs, which load the valves to tho 
extent of I lb. per squnre inch. These springs are found necessary upon the outlet-valves as well 
as the inlet, in consequence of the quickness of the action required to close them 200 times per 
minute ; and it was found that even at the speed of 120 times jsr minute there was a loss of 1 lb. 
per inch in the vacuum when the springs were not used, from the valves not closing promptly enough. 

The cowleuser forma one half of the chamber above the air-pump, and the hot-well the other 
half, as shown in Fig. 2694. The injection is introduced by a single opening in the centre of the 
condenser, with the full area of the pipe, in order It* avoid any risk of tho injection-opening 
getting contracted by accumulation of deposit in a spreader or rose ; and it has boeu found that 
no perceptible difference is caused by this arrangement in the vacuum obtained with the injection. 
In consequence of the position of the valves iu the top plate of the air-pump chamber, the air 
entering from the condenaer does not poas through the water, but simply passes over the surfaco 
of the water from tho inlet to the outlet valves : and the water riaing up to tho outlet-valves at 
each stroke ensures the discharge of the whole of the air. As no air gets to the lower'portion of 
the air-pump chamber, the plunger works always in solid water, avoiding any churning action 
of mixed water and air; and indeed the effective piston of the air-pump may bo considered to be, 
not the plunger, but the surfuee of the Ixxly of water that always remains in the air-pump chamber, 
which rise* and falls at each stroke of the pump through a distance of less than 1 in. Tho 
working velocity of the air-pump piston is therefore reduced in effect to only about iH) ft. per 
minute, instead of 800 ft. per minute, the actual velocity of the plunger. 
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For the purpose of facilitating the passage of the air from the inlet to the outlet vnlvos, the 
former ore set nt a small inclination below the horizontal position, on shown in Fig. 2084. The 
arrangement and position of this condenser and air-pump are very convenient for access to all 
the parts, the whole Wing above ground and at the level of the engine. It is held steady in its 
position by a connect ing-tie to the frame below and by the fixing of the exhnust-piiie above; and 
it serves as an additional guide for the smooth working of the piston-rod beyond the cylinder. 
The weight of the plunger moving nt the full velocity of the piston serves also as an imjKUiant 
addition to the compensating action of the inertia at tne commencement and end of each stroke. 

tioremor . — The expansion -gear of the engine is regulated entirely by the self-acting movement 
of the governor, Figs. 26HK, 2689; and for carrying this plan out satisfactorily it is essential 
to have a governor that is extremely sensitive to any change of velocity, and acts with great 
promptness upon the expansion-gear, with power sufficient to shift it instantly to the full extent 
required. The governor used for the purpose has been designed by the writer as a modification 
of the ordinary Watt centrifugal governor, with the view of iner«iising its sensitiveness and quick- 
ness of action, and adding to the power available for overcoming the resistance of the valve- 
motion. This resistance is, however, reduced to a very small amount in the present engine, on 
account of the valves Wing in equilibrium. 

The governor is shown in Figs. 2»*95, 2696, and consists of two revolving lialls of small 
size, but moving at a high velocity, which pull up a heavy central weight when they rise in con- 
sequence of an increased Vfdocity of revolution : the balls are only about 2 to 3 lbs. weight, but 
the central weight is fmm 50 to 300 lbs., according to the size of the governor. The connection 
of the radius rods to the centre* spindle is made with forked ends, having considerable width of 
fork, as shown in Fig. 2695, and fitting upon a pin which passes through the axis of rotation, 
Fig. 2696. The friction which opposes the rise and fall of the bolls is thus reduced, by the 
prc»j«ure upon the pin at the joints of the rods being diminished in consequence of their increased 
leverage ; ami the sensitiveness of the governor is thereby increased, its friction Wing much less 
than that of the ordinary governor. 

With the very heavy revolving balls employed in the ordinary construction of governor, a 
large amount of resistance is opposed by their inertia when they are required to act, by rising or 
falling, on the occurrence of a change in the velocity of revolution. A serious pressure is also 
caused on the joints of the radius rods when tho inertia of heavy balls of 1 ewt. each has to be 
overcome in order to accelerate their motion ; and the friction caused by this pressure on tho 
joints prevents the change of position of the balls until a sufficient increase of velocity has occurred 
to accumulate force enough for overcoming this resistance. The engine is thus allowed to vary 
considerably in speed ; and the balls of the governor are then liable to fly out too far, causing too 
great an action for proj>erly regulating the speed of the engine. In the present governor tho 
revolving balls. Wing of very small weight, ofter little resistance by their inertia to any change, 
and they rise or fall instantly when any change takes place in the speed of revolution of tho 
engine. Their centrifugal force is made up to that of tho ordinary heavy lalls by their increased 
velocity of revolution, the centrifugal force increasing as the square of the velocity ; and they ore 
driven nt a speed of from 320 to 100 revolutions per minute. 

This governor is liable to the same objection in principle as the ordinary Watt centrifugal 
governor, namely, that it can only regulate the engine for a variation of load by maintaining a 
corresponding change of velocity in the engine; but in this governor the action is so much more 
sensitive and extended than in the ordinary governor, that this objection is practically got rid of. 
It is found to regulate the speed of the engine with certainty within the range of 2 per cent, 
variation of speed. with the greatest extent of variation that can occur in the load : and a varia- 
tion in speed of 5 per cent, would carry the governor through its entire rango of action, and shut 
off the steam from Die engine. In practice the sham sto|>-vnlve is always set wide open, and tho 
engine runs under all circumstances with complete steadiness and uniformity of motion, without 
requiring any attention ; and the most sudden and extreme changes of load do not affect its 
motion perceptibly. 

Sjtcciol Conti ruction . — In practically carrying out the high speed of working that has been 
adopted in this engine, special attention has Wen required to ensure the rigidity of both the 
stationary and the moving parts, to balance the forces of the moving porta, and to obtain a largo 
extent of hardened rubbing surface, with perfti't truth of form in the wearing parts. When due 
attention is paid to these points, it is found that there is no practical difficulty attending tho 
employment of the high spo<*l ; and the objections ordinarily felt to it arise really from imperfec- 
tions of construction in these respects. 

For the purpose of obtaining tho required rigidity in this engine, tho W*e-plato is marie a 
hollow casting of great stiffness ami unusual depth, and tho centre lino of strain of tho engine is 
brought down very near to its surface. The cylinder is Wlted to the end of the Wse-plnte, and 
is held all round the circumference of its inner end ; but it is left free from the Wse-plnte through- 
out its entire length. The object of this arrangement is t<> have the cylinder free to expand and 
contract, without the tendency to distortion which arises when the cylinder is fixed down 
throughout one side to a cold Wsc-plate, whilst kept heated along the otfier sido by the steam- 
chest. The cylinder thus preserves its juirallclism when nt work, so that ft deep and well-fitted 
piston can W used ; the piston employed is a plain hollow block, turned n close fit to the cylinder, 
and fitted with two Ramsbotteni rings. The result is that, instead of the injurious wear often 
experienced in horizontal cylinders working nt the lower speeds, tho cylinders of these engines 
are found to bo always in a polished and greasy condition, and their wear is inappreciable. 

In all the working parts of the engine the Wnrings are made both unusually long and large 
in diameter, and by this nutans the pressure per square inch on the bearing surfaces is diminished, 
so that a thicker film of oil is maintained Wtween them, reducing the coefficient of friction. Tho 
smoothness of running is thus increased also, by avoiding the injurious effects that arise from the 
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bearings not having sufficient rigidity to resist flexure or torsion. In all the bearings special 
••are is taken to obtain perfect truth of form, which is a point of great practical importance ; and 
if properly formed and hardened, these bearings should not lx; subjected to wear at all. The 
difference in working is remarkable between a true cylindrical form and such an approximation 
to it as can bo produced by turning in a good lathe. When a truly cylindrical journal or pin has 
been produced by the operation of grinding with a traversing wheel, in dead centres which have 
themselves been ground to true corn's, such a cylinder, if it lias sufficient surface and rigidity, and 
is fitted in proper hearings, floats in an oil bath, being separated from tho bearings at every point 
by a film of oil of exactly uniform thickness : this film cannot anywhere bo broken, and having 
scarcely any disposition to work out, will last without renewal for a great length of time ; and 
the coefficient of friction under pressure is thereby greatly diminished. This truth of form is 
really easy of attainment, and if its voluo were fully appreciated, it would certainly be obtained 
in general practice. 

A\ Wilson's IUrcct-octiiuj Engine . — This engine is specially designed for the purpose of supplying 
water under a high pressure to hydraulic maehincry, and has been extensively applied to the work* 
ing of cotton presses. It is usually made in |iair» (to secure a uniform delivery of water), each 
|*iir consisting of two steam-cy I indent and four pumps coupled together, ns shown in Figs. 2704, 
2705, which represent two views of a complete pair of euguies. The arrangement and action of 



- 







the engines will lie readily understood by reference to Fig. 2706. which is a longitudinal section 
through one engine, or say one steam-cylinder and two pumps. A is the 8t<*am-cyliudor; B B' tho 
pumps; C, steam-piston; D, piston-rod extending through both ends of cylinder: EE' are pump- 
rains attached directly to the piston-rod, one at each end ; F F' the suction, and G G the delivery 
pipes, each with their respective valves. At the junction of tho pump-nuus with the piston-rod at 
each end is a cross-head with a jiair of slide-blocks working in slides H II. To the cross-head II 
is attached one end of a forked onnnecting-md I, the other end of which is connected to the crank 
and crank-shaft with fly-wheel, as in an ordinary steam-engine. The other steam-cylinder and 
|w*ir of pumps are attached to the same crank-shaft at right angles to those already described, by 
this means ensuring the ptim|>s to he alternately brought into action, and therefore — the puni{>s 
being all connected to one delivery-pipe secures n continuous uniform discharge of water. 

It will be seen that if steam lie admitted into tho steam-cylinder ut the right-hand end J, tho 
piston will be pushed forward in the direction of tho arrow by the full forco of tho steam, ami tho 
water contained in pump B is expelled by the pump-ram K, and passing over the suction-valve, 
which it keeps down, finds an outlet through the delivery-valve into the pipe G, at a high pressure. 
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The difference in pressure between the steam in the cylinder and tho 
water passing out of the pumps is directly proportional to the arena 
of steam-cylinder nnd pomp-rum respectively. In the engines illus- 
trated the diameter of st< uni-cylinder is 24”, and of the pum|>-mm 
1|4", so that a pressure of Htcum, say 35 lbs. a square inch in tho 
cylinder, will give a press ur. 
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3 tons to the square inch, 
its water. If has been receiving its sui 



>f water in tho delivery-pipes of over 
While the pump B has been delivering 
supply through the enction- 
is beii 



pipe F, and when tho return stroke is being mode tho 0 |>cmtion 
is reversed, tho pump B reviving its wuter supply through suction- 
pipe F, nnd pump 11 delivering the water into pipe <i. All tho 
suction-pipes are joined together and connected to a tank, which 
contains a sufllcient supply of water for tho uumber of machines 
to bo worked. The delivery-pipes are also joined into one main 
pipe, which conveys tho high-pressed wnter to tho machines, and 
after being used is returned to the tnuk to be used ns a fresh supply 
over and over again without loss. The distribution of steam to tho 
cylinders is effected as in an ordinary steam-engine. Tho slide- 
valves, which are eonstru> tul on It. Wilson’s plan, are perfectly 
balanced, and capable of being moved with the greatest ease, 
avoiding tho usual wear and tear of valve-gear and effecting a 
great saving in the 
consumption of fuel. 

The valves are 
worked by means 
of eccentrics on the 
crank-shaft. The 
engine is fitted with 
two governors: tho 
one mark«*l K is of 
the ordinary lmll 
construction, and 
the other, L, termed the 



bv'lratilic governor, 



£ 



is acted upon by tho pn -sure of water in delivery- 
pipes. Each of these governors is independent of 
tho other, and at perfect lil>erty to control tho 
engine, by means of a tbrotth-valve, which is com- 
mon to both. Tho object of this combination is that 
the engine may be contmlhnl ami kept at n uni- 
form speed by tho ball governor when tho pum|»s 
aro disconnected, and tin? engine used for driving 
other machinery (as an ordiuary engine). When 
the pumps are connected and the pressure of water 
rises, tho engine require- more steam, tho hydraulic 
governor is by that pres-ure caused to act upon the 
throttle-valve to open it, and when the pressure 
lowers, the governor closes tho throttle-vnlvo nnd 
gives less steam, so keeping tho engiuoat a uniform 
speed under its varying load. 

Prospect Hill Pumping Engine, Brooklyn, UJ3 . — 
Fig. 2707 represents a section in outline of tho 
uraps and an clovution of tiro pumping engine at 
'respect Hill. 

It will be observed that tho engine is of tho 
crank nnd fly-wlutel syst.-m of arrangement, and in 
this respoct is entirely different from tho engine at 
Itidgewood. Tho steam-cylinder 8 is fitted with 
elide-volvcs, and a cut-off controlled by a governor 
constructed in accordance with the invention of 
Wright. The speed during tho experiments wns 
varied by weights suspended to tho governor-rods. 
Tho pumps are oonstru.tcd on tho same gen. ml 
principles and mode of action as the pumps usually 
employed. They are two irnmpa, attached to oppo- 
site sides of tho working 1* aiu ; they have valves 
in their buckets, ami in channels at the sides of 
the pump, shown in Fig. 2707. The pumps are 
placed in a branch main, and tho water Hows into 
and through the air-pumps undor a considerable 
head, variable with tho draught upon tho mains in 
other ports of the city. There aro two air- 
chambers: ono shown ut K on tho rising main; 
the other, and a somewhat larger one, is connected 
by a branch pipe with the induction-pipe at E. At 
A are the oonnoctious with tho air-pump. At p 
tho connections of a small single-acting plunger- 
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pump, to supply tho bofler-feed, and return tbe injection-water to the main. By P is denoted 
the lower pump ; by P’ the upper ; o, J«, and c, represent the apertures in connection with tho 
indicator. 

2W. 




Dimensions. — Steam-Cylinder . — Length of stroke, 4 ft. 6 in. ; diameter of cylinder, 24 in. ; dia- 
meter of piston-rod, 3} in. 

Pumps * — Length of stroke (average), 3*406 ft.; diameter of barrels, 20 $ in.; diameter of 
piston-rods, 3 in. 

Pump to turn Fnject ion-water into the Main. — length of stroke, 1 * G04 ft. ; diameter of plunger, 8 in. 

Fly-wheel. — Diameter, 20 ft. ; length of crank, 27 in. 

Boiler— One, Drop Flue. — length of shell, 18 ft. ; diameter of shell. 6 ft. : length of fire-grate, 
5 ft. ; width of each fire-grate during trial, 2 ft. 2\ in. : number of upper flues, 4 ; diameter of 
upper flues, 13 in. ; length of upper flues, 11 ft: number of lower flues, 9; diameter of lower 
flues, 7 of 9 in., 2 of 7 in. ; length of lower flues, 9 ft. 3 in. 

Explanation of Coaling Profile. — The profile of the coaling for seventeen hours will serve as an 
explanation of the form in which the register of coal consumed has been kept and plotted during 
the late experiments at Ridgewood and Prospect llill. The hours selected have been taken 
rather than those at the commencement of tho experiments, as profiles of steam and water pres- 
sures art* given for the same period. 

The firing was commenced on tho morning of May 13, 1862, and the fires and water were got 
into the state in which it was determined to keep them as nearly as possible uniform. Tho coal 
was first noted at Oh. 14m. P.M., when 100 lbs. were thrown on one of the grates; at 1 h. 2m. 
100 lbs. on the other: at 1 h. 55tu., 60 lira. on tho first grate, and at 2 h. 32 in., 20 lbs. on tho 
second. In this way the quantity of cool was taken every time any was put on, and on which 
grate it was thrown. The hre-liox wns divided in two by a brick wall, to maintain a more even fire. 
The coal was weighed in lots of 100 lira, each, and the amount at each firing was then estimated. At 



6.56 P.M. 


.. .. the total quantity fired was .. 


.. 1155 


7.43 „ 


.. .. 90 lbs. 


.. 1245 


8.12 „ 
9.03 „ 


.. .. 100 „ 

.. .. Cleaned fire No. 2. 


.. 1345 


9.10 „ 


.. .. 120 lbs. 


.. 1465 


9.47 „ 


.. .. 115 „ 


.. 1580 


10.27 „ 


.. .. 80 „ 


.. 1660 


10.58 „ 


.. .. 80 „ 


.. 1740 


11.30 „ 


.... 60 „ 


.. 1800 
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12.00 r.M. 


Cleaned fire No. 1. 






12. 0f> „ 


100 lbs. 


1900 lbs. 


12.37 „ 


50 „ 


1050 


„ 


12.56 „ 


50 „ 


2000 


»» 


1 .25 A.M. 


70 n 


2070 


1.47 „ 


80 „ 


2150 


f| 


2.22 „ 


50 „ 


2200 




2.42 „ 


70 „ 


2270 




3.02 „ 


•JO „ 


23(10 


n 



ami noon. Each of the firing* is represented 
by dote on the profile, and the dots are con- 
nected by lines. In this way the firing is 
graphically represented. Fig. 2708, and the 
quantity consumed during a period of a few 
hours con be quite accurately determined. 

The firemen had been employed on lxmrd 
of ocean steamers, and hail never been iusido 
of the building till the experiments were 
commenced. They were directed to keep 
the water, as near as jmssible, a certain level, 
and their fires always in one condition. The 
boiler-pressure was varied from time to time, 
to test the comparative economy of the 
engine under different pressures and sjioeds. 
The watch of the firemen was twelve hours 
on and twelve off. 

The coal used during the whole trial ; — 



Of Delaware and Hudson Canal I-b*. 

coal 11,800 

Duck Mountain 2, IKK) 



Total .. .. 14,100 

The total quantity of clinker .. 015 

Small euul in ushes 383 



27<W. 




Hr?. 7 H y 10 II 12 I 1 3 4 5 6 7 tt y lu 11 12 
I’ M.. May 13. A.M, May 14. 



Table or Results or Experiments made on Prospect Hill Tumping Engine, 
May 13th, 14th, 15th, IGth, and 17th, 1802. 



Date. 1BC2. 


Number 

of 

Revo- 

lution* 

during 

the 

Hour. 

1 


Arnuo. 


Grow 
A mount 
of Coal 

sunti-d 

during 

the 

Hour. 

9 


Remarks. 


Mean 
Steam- 
1 : - •' • ■ 
per 
square 
inch in 
Steam- 
Cylinder. 

2 


Mean 
Water- 
Load per 
square 
inch in 
Pumps. 

3 


Boiler- 

Prvure 

per 

square 

inch. 

4 


Vacuum 

in 

Con- 

denser. 

5 


Sieaiu-cyilnder. 


Initial 

lYowir*. 

e 


Cot-off 
Full 
Stroke 
I 0b. 

7 


Final 
I Yea- 
sure 
below 
0. 

8 


U.JT. 


Hour. 




lbs. 


lba. 


lba. 


1 lichen. 


lbs. 




lba. 


lbs. 




May 13 


8 P.M. 


1478 


22*3 


28*7 


47*6 


27*3 


42 


*15 


3*5 


140 


7 h. Ryan commenced firing. 




9 




1487 


21-7 


27-8 


47*3 


27 


39 


*15 


5 


145 


I» b. 3‘ clraned No. 2 fire. 




10 




1482 


21-2 


26*8 


15-7 


27 


40 


•18 


5*5 


100 






11 




1494 


20*4 


26*25 


45*0 


274 


39*5 


•14 


0 


140 






12 


„ 


1523 


190 


26*0 


46*1 


27*2 


37 


15 


0-5 


140 


12h- 3' (leaned No. 1 Are. 


May 14 


1 A.M. 


1578 


19* 15 


25-5 


45*1 


27-2 


35 


15 


0 


125 






2 




1000 


19* 15 


25*25 


44*8 


27-5 


34 


*15 


0 


100 






3 




1038 


19-25 


26*6 


40*5 


27 S 


38 


*10 


0 


183 






4 




1606 


19-5 


27*3 


43 


27*5 


38*5 


*15 


5-5 


121 






5 




1720 


20 1 


27-8 


48*5 


27*5 


39 


•10 


5*5 


100 






6 




177.1 


21*9 


20*3 


17 


27-5 


30*2 


•20 


4 


130 


eb. 30' Kenny commenced 




7 




1771 


23*75 


32*1 


47*5 


27-5 


39 


•20 


4-5 


285 


firing. 




8 




1080 


24*5 


33*9 


15 


27-5 


35*5 


17 


3*5 


200 






9 




1079 


23*9 


34*75 


49*7 


27-5 


41 


19 


3-5 


210 


9b. IB' cleaned No. 1 lire. 




10 




1075 


24*1 


85*15 


45*8 


27*5 


41 


•18 


4-5 


170 






11 




1(70 


24*1 


84*9 


45*0 


27*5 


42*5 


•18 


3*5 


150 






12 




1009 


23 4 


83*5 


511 


27 -5 


42 


•18 


4 


200 






1 r.M. 


1015 


28*35 


33*35 


49 


27*5 


42 


18 


4 


200 






2 




1663 


23*45 


83*75 


48-5 


27-5 


11 


19 


3*5 


190 


2 h. 2b' cleaned No. 2 fire. 




3 




1(503 


23*0 


33*65 


44-1 


27*4 


30 


*19 


3 


220 






4 




1 (5*54 


23*55 


33*25 


480 


27*5 


41 *5 


•15 


3*5 


213 






5 




1081 


23*15 


88*7 


40*2 


27*4 


27 5 


*18 


3*5 


185 






(! 


t* 


1514 


23*3 


32*3 


46*8 


27*6 


39*5 


16 


4-5 


120 


C b. 25' Ryan lire*. 
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Table OP Kcn-i.-ra op ExraiiMEX-rs, 4e . — amtinutiL 



I tote, 1362. 


Number 

of 

M*0> 

lution* 

during 

the 

Hour. 

1 


Mean 

Steam- 

Pnarare 

P" 
square 
inch in 
Bream- 
cylinder. 

2 


Mean 
Water- 
Load per 
square 
inch in 
Pumps. 

3 


Av 

Builer- 

I'rrsnirv 

per 

square 

inch. 

4 


RttAOK. 

Vacuum 

in 

Coo- 

denaer. 

6 


Steam Cylinder. 

Lucl ££ 

PranR. Stroke. , , 
[*■•“- 0. 

6 7 8 


Cross 
Amount 
uf Coal 
con- 
sumed 
during 
the 
Hour. 

9 


Remarks. 


Iwy. 


Hoar. 




lbs. 


Iha 


lbs. 


inches. 


11*. 




lbs. 


lbs. 




May 14 


7 r.M. 


1289 


21*4 


29*1 


49*7 


27-7 


39*2 


* 15 


4‘5 


125 






8 „ 


1*288 


20 1 


27-53 


480 


27-2 


38*5 


*14 


5’5 


105 






9 „ 


1285 


19 0 


26*5 


48*0 


27*2 


37*5 


*15 


6 


no 






10 „ 


1286 


185 


28*8 


18-5 


27*6 


37 


*14 


6*5 


140 


10 b. cleaned No. 1 fire. 




11 


1293 


18*5 


27-3 


480 


27-7 


36*5 


is 


6 


150 






12 „ 


1299 


18*4 


25*05 


46-5 


27-7 


343-5 


•15 


6 


120 




May 15 


1 A.M. 


1279 


180 


24*45 


46*75 


27-7 


35*5 


•15 


6 


120 




2 


1280 


17*55 


24 15 


47-5 


27*7 


84*5 


•13 


6 


130 


2 ta. 6' cleaned No. 3 fire. 




3 


128G 


17*2 


23*9 


45-5 


27-5 


34*5 


*12 


6 


125 






4 „ 


1281 


16*95 


24*3 


45-5 


27*2 


34*5 


*13 


6-5 


116 






5 


1279 


17*7 


25*8 


45*2 


27-5 


34-5 


•14 


6*5 


140 








1286 


19*3 


28*6 


46-5 


27-7 


38 


*17 


5*5 


110 


6 b. 21 ' Kenny fires. 




7 „ 


1276 


21*55 


31*7 


45-5 


27-7 


38 


•20 


4-5 


153 






8 „ 


1258 


22*65 


33*55 


37-5 


27-7 


32 


•25 


4-5 


161 






9 ., 


1255 


22*35 


33*5 


83*5 


27*9 


29-5 


•25 


4 


190 


0 h. 25' cleaned No. 1 fire. 




10 „ 


1254 


21*85 


32*1 


34-7 


27*9 


31-5 


•24 


3*5 


190 






11 „ 


1256 


21*3 


30*5 


34 


27-9 


30-5 


•23 


3*5 


169 






12 


1258 


21*1 


30 0 


34*5 


28 


81 


•28 


3*5 


140 


12 b. 32' cleaned No. 2 fire. 




1 P.H. 


1281 


20*95 


300 


35-5 


28 


31-5 


•20 


4 


150 






2 „ 


1266 


20*85 


30-8 


35 0 


28 


33 


•24 


4-5 


110 






3 „ 


1255 


20*8 


30-5 


35-5 


28 


30 


•22 


5 


134 






4 „ 


1260 


20*15 


29*7 


86 


28 


31*5 


•21 


5 


110 






S „ 


1256 


20-25 


29*55 


33 


28 


29 


•23 


4 


115 






6 „ 


1264 


20*75 


29 -a 


31-5 


28 


28-5 


•26 


4 


119 


6 h. 40' Ryan fires. 




7 n 


1233 


20-75 


30*65 


33-5 


27*7 


29 


•2« 


3*5 


100 






8 « 


1277 


19*9 


27*6 


32 


27-5 


25-5 


•23 


3-5 


96 






9 „ 


1260 


18-6 


26*8 


31 5 


27 5 


25*5 


•20 


5 


90 


9 b. 3a' cleaned No. 2 fire. 




10 , t 


1264 


17-95 


MS- 65 


31*5 


27*5 


21-5 


•19 


5*5 


120 






ii „ 


1267 


17-8 


26*4 


31*5 


27-5 


26 5 


•18 


5-5 


195 


lib. 18' cleaned No. 2 fire. 




12 „ 


1266 


17*9 


25*85 


32 


27*5 


25*5 


•22 


5-5 


144 




May 1G 


1 A.M. 


1252 


17-7 


25*5 


27 


27*6 


21 


•27 


5 


141 




2 „ 


1244 


17*35 


25*35 


21-5 


27*7 


17 


•30 


4-5 


130 






» n 


1241 


17*35 


25*85 


21 


27*6 


17 


•33 


3-5 


100 






4 :: 


1238 


17*5 


25*85 


21 


27*6 


17-5 


•28 


3-5 


140 






5 t. 


1239 


17-8 


25*9 


20*5 


27-7 


17 


•30 


4 


130 


6 b. 30' Kenny fires. 




« n 


1233 


18*3 


27*8 


19-5 


27 C 


15*5 


•42 


2-5 


160 






7 „ 


1229 


1915 


30*4 


20 


27-4 


16-5 


-38 


1 


164 






8 M 


1198 


20*5 


31-95 


21 


26*9 


29 


*37 


1 


125 


e b. 56* cleaned No. 1 fire. 




9 ,, 


1204 


2115 


32-3 


20 


20*5 


19-5 


*43 


1 


139 






10 „ 


1203 


20*7 


31-9 


20-5 


26-5 


18-5 


•38 


1 


150 


10 h. 14' cleaned No. 2 fire. 




11 „ 




20-4 


31 15 


20 


27 


19 


■35 


2-5 


201 






12 


1262 


21*3 


31*15 


23 


27*5 


23 


•31 


2*5 


205 


12 h. 10' Ridgewood fireman 




1 r.M. 


1490 


22-3 


33*3 


38 


27*5 


33 


•18 


8 


155 


commenced firing. 




2 „ 


1480 


22*5 


31-15 


49 


27-7 


43 


•19 


3-5 


120 






8 i. 


1482 


21-7 


34*1 


18-5 


28*2 


40-5 


•19 


3*5 


190 


3 h. 56' cleaned No. 1 fire. 




4 „ 


1482 


21*5 


34*61 


48-5 


28*2 


41 


•20 


3-5 


165 






5 ,p 


1431 


21*3 


35-75 


48-5 


27*9 


40 


•18 


4-5 


190 






6 „ 


1105 


21-4 


32*15 


49 


28 


49 


■19 


4-5 


195 


6 b. 40' Ryan Brea. 




7 „ 


1403 


21*35 


82-35 


48 


27*9 


40 


•20 


4 


ISO 






8 „ 


1406 


21*45 


31*7 


49 


27*5 


49-5 


•18 


4 


160 






3 t* 


1404 


21 -5 


30-0 


50 


27*5 


41 


17 


4-5 


170 






10 


1408 


20*7 


28*75 


49 5 


27*5 


40 


17 


4-5 


145 






11 » 


1396 


19-4 


27*95 


19 


27*5 


38 


•15 


5*5 


165 


11 h. 50’ cleaned No. 2 fire. 




12 „ 


1356 


18-7 


27*15 


47 


27*0 


37 


•16 


5-5 


ISO 




31 ay 17 


1 A.M. 


1267 


18-3 


26-7 


47*5 


27-r. 


31-5 


•05 


45 


120 






2 „ 


1313 


18-6 


26*75 


49-5 


27*5 


32-5 


07 


4*5 


120 






3 77 


1308 


19*15 


26*95 


49 


27-5 


31 


■12 


4*5 


130 






4 „ 


1333 


200 


27*15 


49*5 


27*5 


35 


•18 


4-5 


120 






5 


1385 


20*75 


28*5 


48-5 


27*5 


39-5 


•13 


4*5 


120 


5 h. 30' cleaned No. 1 fire. 




6 „ 


1382 


20*95 


32*8 


47 5 


27 1 


39-5 


•20 


3*5 


144 


6 b. 30* Ridgewood fireman 




7 „ 


1376 


23*8 


35-5 


48 


27 


42*25 


•21 


2-5 


166 


coniine nad firing. 




8 


1376 


24*3 


36-7 


47-5 


27 


12*5 


•21 


2*5 


150 






9 n 


1375 


24*0 


37-5 


47 


27 


41 


•22 


2*5 


150 
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Omnmnnry ami Tat ham’s Horizontal Pumpimi f'm/ine . — This engine. Fign. 2709 to 271 1, consists of 
a pair of horizontal double-acting pumps coupled together, as shown in Fig. 271 1 ; it is placed in a 





coal-pit in Staffordshire to force 
water up a vertical shaft of 900 
ft. at one lift. Tho cylinders 
of this engine arc 48 in. diameter 
and 30 in. stroke; the pumps 
10} in. diameter with brass 
Cornish c alvet. 

In Figs. 2709 to 271 l t of 
Ommanney and Tatham’s en- 
gine, A A are the cylinders; 

B B, pump-barrels ; e c, suction- 
clacks; K, the main delivciy- 
pipe ; F F, piston-rods ; G G, 
slide-bars ; H H, connecting- 
rods ; I L, cranks ; 3, fly-wheel ; 

K, main snetion pipo ; L L, 
cmsA-heads ; M M, engine-beds ; 

N N, supporting beams. 

Tank Locomotive for Turning 
Sharp Curves. — We illustrate an 
arrangement for giving lateral 
play to the axles of locomotivo 
engines, which has been lately 
designed and introduced with 

much success by Black, Haw- , . 

thorn, and Co., of Gntcshcnd-upon-Tyne, Figs. 2712 to 2714. Our figures show the arrangement 
as applied to the trailing axle of a class of six-coupled tank engines constructed for working the 




Digitized by Google 




1422 



ENGINES, VARIETIES OF. 



Imffic on colliery lines and similar branches, a doss of work for which they or© .well adopted. 
This arrangement is nothing more than n substitute for the American lateral motion beam. On such 
lines short) curves aud heavy gradients are generally to bo mot with, and tlio engines employed 
on them should thus possess good hauling power, and yet should be carried on a short or flexible 
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wheel base. For lines of this kind, 
where there is usually much shunting 
to lx> done, and where there are Beldom 
facilities for turning the engine, tank 
locomotives are far superior to those 
with tenders, as indeed they also are 
for a great proportion of ordinary main- 
line traffic. 

The engine to which our figures 
refer hns outside cylinders 16 in. in 
diameter, with 24 in. stroke, and the 
six coupled wheels are 4 ft. 6 in. in 
diameter, and are arranged with a total 
wheel base of 12 ft. 9 in., the trailing 
axle to which tho arrangement for • 
giving lateral motion is applied being 
behind the fire-box. The quantity of water carried is about 950 gallons, part of this quantity being 
contained in a saddle-tank, ami the remainder — abont on&-fonrth of tho whole — in a tank placed 
beneath the foot-plate at the trailing end. As this latter tank is at a lower level than the saddle- 
tank, the water in it is not used until the latter is empty, and it is therefore generally full of water, 
thus increasing the load on the trailing axle, which in six-coupled tank engines of this class is 
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generally too lightly loaded. Tho fuel is also carried at the trailing end, where there is a box 
eujwble of carrying about 33 cwt. of fuel. Tho weight of tho engine is as follows ; — 

Tons. 

On leading wheels 11} 

„ centre „ .. .. 12 

„ trailing „ .. .. 9 

Total 32} 



The frame is of plates 1^, in. thick, and is very strongly braced by cross and diagonal stays; 
cylinders ore secured to each other by a strong box-girder, thus being, as it were, self-contained, and 
preventing a separate and independent straiu on frames. All the working parts and tires are steel, 
and the slide-valves are equilibrium-valves. The loilor is double riveted in the longitudinal seams, 
the hoh*# for rivets in all flanged plntes being drilled instead of ranched, and the whole of tho 
boiler-plates Wing planed on all edges before being put together. The engine is worked at a pres- 
sure or HO lbs. to the square inch. 

Referring to Figs. 2712 to 2714 it is observable tliat tho pressure of the trailing springs is 
received upon a casting which extends from one side of tho engine to the other above the axle-boxes, 
this casting having at its under-side recesses and projections, which fit tho upper edges of a pair of 
cams which are interposed between tho casting and the axle-box crowns. These cams, which aro 
made of steel, are heart-shaped, and they are retained in position by pins, which connect them to 
the axle-boxes. The axle-boxes are free to move laterally in their guides for a certain distance', and 
as they move to one side tho cams each turn on one of their upper comer*. It follows, from tho 
slia|»e of the cams and the relative positions of their bearing points, that when the axle is thus 
moved over to one side, the action of gravity tends to bring it back to its central fruition, and tho 
movement, therefore, does not take place with any slight or ordinary oscillation of the engine, but 
is only caused when a certain pressure comes against the flanges of the wheels as tho engine 
traverses a curve. It also follows, from tho nature of the arrangement, that the pressure requisite 
to cause lateral movement increases in a certain proportion ns tho distance of the axle from 
its central position increases. Tho whole arrangement is very simple, and can be applied to 
existing engines in all cases where there is nothing to interfere with the lateral traverse of tho 
wheels. 



OscilUitiiuf Engine invented by James Hamer, of London. Referring to Fig. 2713, it will be aeon 
that the cylinder of this engine is fixed upon a ball K, which works steam-tight in a cup M fixed 
to tho bed-plate, this cup being pro- M)S 

Tided with two {torts or passages, tho — , ^ 

one being in communication with tho [■r y~ vr _ 

boiler, and the other with the exhaust- YT 

pipe, by means of tho pipe* R, R. The w l T ^‘7 

nail has three ports formed in it, tho I 

central one communicating with the I I Tj 

bottom, and tho two outer ones with * / / l 1 / / 

the top of the cylinder, these two outer / I \ y /t 

ports being connected by an annular I A I \ II 

groovo formed in tho boll around the / / L I 

central port. The use of this annular / / _yjy kjjjBai 

groove is to enable the outer ports to / ( — 

communicate with tho ports in the cup / _ _ ml 

even when the cylinder has turned ' V 

round so that a line drawn through / ^ 

the three ports in the l*all would lie at / / jff / / |WV 

right angles to the plane of oscillation / / B8 / / MM \ 

of the cylinder. / / On / / BB\ \ 

The ball is kept in place by a cap / / B B / /C ME \ 

O and screwed ring P, and it will be JP- 1 

readily understood that as tho cylinder w 

oscillates the movement of the ball in 

tho cup regulates the admission and K Mm < = * 

egress of the steam in the same way MB Mm 

as an ordinary slide-valve having jJB MB 

neither lap nor lead. It is found in Ba v 

working that a constant slow rotating ^ Jmoz=^xzz=.: m a — 

movement of the cylinder takes place, Jj 

and this movement conduces greatly fllaPftBs < fj 

to the equal wear of the cup-ami- v -I ^« li / / ‘’Tteii . — - , — 

ball surfaces. To reverse tho engine j ** | | 

Hamer simply alters the course of the / bkYj “ I 

steam, making that which was the t P prtffi . i w l i i|, im msi g'lJjn P~" 

exhaust- pi |)o the *tenm-j>ij>c. ami -^V I n lift • L — _ _ — 

vtrta. Steam is led from the boiler to ~-~ 7 J 

the chamber in which the valve T 

works ; and by moving tho valve T by means of tho lover U, the engine can bo stopited or started 
in either direction at pleasure. Hamer's arrangement, with a fly-wheel, will be found useful where 
the power required is not great. 
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Winding Engine of Fletcher, Jmnin-r. end Co.—' This engine, Fig*. 2710 to 271R, which has been 
made at a hematite izon*ore mino in the Cumberland district, although it dues not present many 

3718. 





features of novelty, it affords 
a good example of modem 
winding engines of medium 
size. Coupled horizontal wind- 
ing engines are now almost 
always employed, both for 
colliery and oro mines, in pre- 
ference to beam, direct-acting 
vertical, or any other form of 
single engine. 

In the present example the 
different parts seein to lie 
massive and well proportioned, 
with Btrong heavy bod-plates. 
The cylinclers are 20 in. dia- 
meter, and tho pistons have 
a stroke of 4 ft. ; the cranks 
in this instance are of cast 
iron, though the makers gene- 
rally prefer and recommend 
wrouglit-iron ones. The main 




Digitized by Google 




ENGINES, VARIETIES OF. 



1425 




shaft ia of wrought iron, 9J in. diameter on the body, and 8 in. diameter in the journal*. There 
iw no fly-wheel attached, ami the rope barrel*, which are constructed for round ropea. are placed 
upon the engine-shaft, and are 8 ft. diameter. They an- divided in the centre by a series of wooden 
crib* of elm which form a brake-sheave, which ia ojs-rnted upon by a wronght-iron strap not shown 
in the figures, but the action of the whole will be easily understood. See Bilvke. 

The valves are ordinary slides, and are worked by means of two eccentric- s to each, and the 
ingenious straight link-motion invented by Alexander Allan, p. 1 199. The application of this liuk 
and winding engines is particularly valuable, especially where the valve ia unbalanced, as reversing 
is effected with great facility. In some larger examples these makers balance the slide-valves by 
means of the thin flexible plates connected with them by link*. 

Chaplin's Hoi*t ing Engine, on cast-iron sole-plate, Fig*. 2719 to 2721, for use on shore or on ship- 
board. Manufactured by Wimshurst and Co., Loudon. 

A, boiler; B, engine-pillar; C, cylinder; I), fly-wheel; E, winding shaft or barrel ; F, winch 
nuts; G, brake ; H, brake font-lever; J, sole-plate or carriage; K, disengaging dutch; L, clutch 
lever and rod; 31, reversing lever to link-motion ; N, feed-pump. 



A', P. Burgh's Single or Double Acting Steam-Pump . — The mechanical arrangement of the valves 
of this pnmp, in relation to the piston or plunger, is in harmony with a wefl-knowm principle of 
hydraulics, namely, when any volume of water aud air intermingled becomes compressed, the air, 
being the lighter, ascends, and tho efficiency of pumps therefore consists chiefly in the discharge 
of the air before the water. 

By this invention Burgh proposes to arrange and obviate the difficulties heretofore met with, in 
the following manner ; — The valves for the purposes of admitting and permitting the supply and 
discharge into and from the pump can be arranged either horizontally, vertically, or otherwise, to suit 
the particular purpose for which they may be intended. 

He proposes to place each valve side by side, above and below, or at each end of the barrel of 
the pump. The supply-valve on the top open* towards the barrel, and that at the bottom in the 
opposite direction, so that they work towards each other. The discharge-valves arc sitnated at or 

4 Y 
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near the same anglo or level as 
the supply valve or vnlves, but 
work In opposite directions or 
from each otner. 

This invention presents a more 
compact arrangement of the valves 
than those previously used for 
the same purpose, inasmuch that 
the air admitted with the water 
into the pump is nearly, if not 
entirely, utscliargud at each stroke 
of the plunger or piston, so that 
tho next following stroko of the 
piston or plunger is equal to that 
preceding it, by which means any 
accumulation of air in the pump 
is prevented, and the efficiency 
of tho upper and lower jiortions 
of the pump is rendered equally 
effective by the positions of tho 
valves. To furtner ensure that 
the air below tho piston, iu the 
ease when tho pump is vertical, 
shall lie as completely discharged 
as the air at the top, tho piston is 
grooved in its periphery in one 
or more places sufficiently to 
allow tho air when tho piston is 
descending to escape to the upper 
portion of tho puinp, and on the 
up-stroko of the piston this air 
and tho water will Ik? effectually 
discharged. Tho piston may lie 
solid or fitted with rings, valves, 
or otherwise, to suit tho circum- 
stances. 

In this arrangement when tho 
pump- valves are of metal or other 
suitable material, the top Bupply- 
valvo and tho lower discharge- 
valve being inverted in the case 
of vertical pumps, it is proposed 
to fit them with springs, or any 
kind of material suitable to the 

G rticular roauirement, abovo or 
low the valves to retain them 
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in an equilibrium position, so ns to enable them to clone at the proper time. If necessary, india- 
rubber, canvas, or other flexible valves mny be used for the specific purpose just described with 
the requisite Heatings, and guards or valves of any shape, form, or material, os a combination is 
also applicable if deemed necessary. 

This arrangement |>oKSCsties the advan- s* 23 - 

tago that a single-acting pump can be 



made to perform perfect duty on account 
of the discliargo-valvo being in such a posi- 
tion that the air admitted by the supply- 



valve is perfectly discharged with the 
fluid. 

7177 




For air-pumps this arrangement is also particularly applicable, because the entire contents is 
discharged at each stroke of the piston or plunger. 

Fig. 2722 is a sectional elevation of thiB machine as applied to a double-acting pump, and 
Fig. 2723 a front elevation ; Fig. 2724 is a side elevation of Fig. 2722 ; Fig. 2725 is a sectional 

4 Y 2 
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portion of the barrel two separate chambers E nn<l F are cast therewith, forming the miction and 
discharge chambers E and F, in the bottom portions of which are secured in a suitable manner tho 
seating* and valves G and H for suction and discharge. At the lower end of the barrel D there is 
bolted a casing containing two chamliers J and K, in tho bottom of which are secured similar valves, 
L and M, as those above referred to, G and H. The four chambers, just named, have branch 



view in plan taken on tho line A B, Fig. 2723 ; Fig. 2726 is an elevation in plan of Fig. 2723 ; and 
Fig. 2727 a sectional plan of Fig. 2724. 

In each of the figures the some letters refer to corresponding or similar parts; — A is the steam* 
piston connected to the rod B of tho pumj>-piston C working within the barrel D. On the upper 
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pieces cant with flanges, the two suction nnd two discharge chambers are joined together by means 
nf two branch or coupling pi ink N and O, and thus forming a single suction-opening and a single 
discharge-opening for the working connections. 

It will Ik> seen on referring to Fig. 2722 that on the piston C moving in either direction, that is. 
up and down or right and left, the valves G and L open and admit water into the barrel on each 
side of the piston 0, or at each end of the barrel, and at the same time the valves II and M permit 
of the discharge therefrom, by which means a continuous and effective supply and discharge are 
produced. 

The main feature is that should any air be admitted into the barrel, by this arrangement of the 
valves it is druwn out by the piston 0 at each stroke, and thus a continuous uniform action uf 
the valves, and the special duty of the piston C, arc fully carried out. 

Mcrryxcx'tithi'r's Steam Firc-k'tujine \ Figs. 2728 to 2732. — This engine weighs but 20 ewt. ; it is 
mounted on high wheels and easy springs so that its draught is light, and it is capable of delivering 
200 gallons a minute, and of throwing a f-in. iet 150 ft. high, or two f-in. streams. In its chief 
tHirts the engine is of similar construction to the larger engines manufactured by the same well- 
known makers of steam fire-engines. The boiler, which is shown in vertical section, Fig. 2729, is 
constructed according to Field’s nrmngcmeut.and is of a kind well adapted for use on a steam fire- 
engine. The sides of the fire-l>ox it will lie noticed are formed entirely of Field’s tube* clustered 
together. The boiler possesses the advantage that if the water is allowed to get low the only parts 
damaged are the tubes, and these all can be taken out nnd replactd in fourteen hours. A single 
tube if damaged can be taken out nnd replactd in half an hour, or the hole can be plugged if pre- 
ferred. In the boiler. Fig. 2729, the tube and top plates nnd uptake are of iron, while the Bheil is 
of mild steel and double riveted. The tubes are of solid drawn homogeneous metal, and tho boiler 
is tested up to a pressure of 300 lbs. a square iuch. 

A strong frame of angle-iron, well stayed, is attached to tho boiler by strong inde pendent 
wrought-iron horn pieces, and on this frame, over the fore and hind carriages, are fixed the steam 
and pump cylinders, so that no working parts are attached to the boiler. The piston-rod is in one 
piece, the steam-piston being attached at one cud nnd the puni|>-piMton at the other end. In the 
centre of tho piston-rod is keyed a light cross-head carrying a brass clip, which, ns it moves to and 
fro, glides along a slightly twisted bar, giving it a rocking motion which imparts a reciprocating 
movement to a Angel-lever, and this lever actuates a single slide-valve 
of equilibrium-piston form. This valvo is so arranged that a fixed * 72 ''- 

action places it in such a position i»h to close the steam-inlet and exhaust- 
ports wh on the main piston is at tho end of its stroke, and when this is B 
done the stroke of the piston- valve is completed by spam so as to open 
the reverse steam and exhaust ports. This valve-motion is found to be 
very certain in its action, and works with great regularity, so that the 
stroke of tho piston is practically always the saino length ; while, more- 




over, the engine is so much under control that it can be run at only one stroke a minute, or at 
any intermediate speed up to one hundred and sixty or more double strokes per minute. 

The pump-cylinder, Figs. 2730, 2731, is cast with its valve-chamber entirely of gun-metal, and 
is fitted with india-rubber valves. These valves have very large clear openings without gratings, 
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and with but moderate lift, and arc no arranged that immediately the engine has been stopped all 
water leave* the pump, thus preventing accident* from freezing. These engines powcw* an advan- 
tage, tho importance of which is very great, and that is the almost absolute freedom of the pump* 
from liability to beoomo choked or set fast with sandy water, a defoet which, when it exists, not 
only gives rise to permanent injury to the pomps, but also causes, after a few hours’ working, a loss 
of power of from 35 to 50 percent, in the usoful effect, a loss which continues until tho pumps have 
been taken to pieces and clean od. 




At the side of the main pump is the feed-pump taking its supply of water from the delivery 
passage of the main pump, and regulated by a cock with a graduated index plate. When the water 
pumped by the main pump is salt or foul, as it is in some cases, fresh water is supplied to the boiler 
by opening another suction-cock to the same feed-pump, there being Attached to this cock a short 
suction-hose which is placed in a pail or tub of fresh water as with a portable engine. The feod- 

t ump has a brass-cosed ram attached to the main cross-head, and it can be used for feeding the 
oiler without passing water through tho main pump; while, moreover, in case tho boiler be care- 
lessly allowed to get short of water, the main pomp by working the engine slowly can discharge all 
its water direct into tho boiler. 

The main pump is fitted with copper suction and delivery air-vessels, and a preasure-gange and 
two deli very -outlets, each with stop-valVes screwed to receive the couplings of delivery-hose*. Tho 
engine lias a driver’s seat, seats and room for twelve firemen, and fiiot-iilato behind tho boiler on 
which tho stoker ride* and attends to the fire whilst en route, os the fire-door is at the him! end 
between the two coal-bunkers. These latter carry more than an hour’s supply of coal, and there are 
brockets provided for 30 ft. of suction-hose, bunker for 280 ft. of leather delivery-hose, and a tool- 
box for branch pipe*, nozzles, and other small things that may be required. A pole and swing-ban* 
are also provided so that two horses may bo attached when required. These engines are not only 
effective when water is close, but they have the power to pump water through delivery-hoeo 1500 
or 2000 ft. long, and yet to deliver a good jet of water at the end. Tho steam-cylinder is 51 in. 
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diameter, and the double-acting pump 4| in. in diameter, the stroke of both steam and water pistons 
being 12 in. 

Altogether we consider that the engine just described is well planned, and that the details are 
well carried out. 

Fig. 2732 represents one of Merryweather** steam fire-engines which can bo used afloat to 
extinguish fires on shipl)oard. 

Sfuind, Mason, and Co.'s Equilibrium Steam Fire-Engine . — The boiler and pumps of this engino 

are conveniently placed, close to the hind axle; tho 
front part of tho carriage being reserved for tho fire- 
men, with their boso and various implements, tho 
whole being mounted on four high wheels, and well 
poised ou springs. 

The boiler, by an arrangement of inclined water- 
tubes, combines great rapidity in generating steam 
with economy of fuel ; this boiler, Figs. 2733, 2735, 
2730, is extremely simple in construction. 100-lb. 
pressure of steam has frequently been raised from 
cold water in six minutes and forty seconds. 

Tho engino consists of a set of treble pumps, 




which are worked direct by a corresponding sot of treble steam-cylinders, the whole being fixed 
to tho boiler. 

Fig. 2733 is a longitudinal section. 

Fig. 2734 is an end elevation. 

Fig. 2735 is an elevation of the tube-chamber, showing the arrangement of tho tubes. 

Fig. 2736 is a plan of the tube-chamber for the same purpose. 

A are steam-cylinders ; A „ fire-box; A,, fire-bars: A„ combustion-chamber ; A„ chimney; 
A„ steam-chest ; B, plungers ; C, connecting-rod ; C„ safety-valves ; C t , exhaust -pipes ; C„ steam- 
pipe; C«, steam-regulating valve; D, engine-frame; D,. feed-cistern ; 1),, hose-hox; D„ driver’s 
seat; D 4 , driver’s fbotbnard; D„ boot to carry hose, and support locking; D* lockings ; E,, front 
wheels; E„roda by which hind footboard is suspended; E,, hind springs; F, connecting-rods ; 
G, stuffing-box of plunger; H, cranks: H„ tubes in boiler; 1, crank-shaft; J, eccentrics; 
J„ feed-pump; K, bucket; L, foot- valve; L„ foot-valve joint ; M, suction-nozzle ; N, suction- 
chamber; O, pump-barrels; P, pump-head ; Q, delivery -nozzles ; Q„ deli very- valve handle; 
R, hind axle ; 8, fire-door in boiler ; T, hind footboard ; U, hind wheels ; V, air-vessel ; W tr, front- 
spring shackles ; j, front axle ; Y, front springs ; Z z, hind-spring shackles. 

There arc three stcam-cylindcre and three pumps direct acting, on the bucket-and-pl unger 
type, tho plunger being half the area of the buckets. The buckets are bolted to tho plungers, and 
are shown at K, in Fig. 2733. The foot-valve is shown at L in the same figure. Access is obtained 
to tho valves l»y unscrewing the bolts L, and dropping the suction-chamber N, with the foot-valves, 
bodily down, then the bucket can be disconnected from the plunger and dropped down in tho some 
manner. The foot-valve is made fast by sweating to its seating. 

The suction-hose is Bcrewed to the nozzle M, and tho doli very -hose to tho nozzles Q Q. 

When ali is placed ready for starting, tho engine, by lifting the bucket, fills the puut|>-barrol O, 
and on tho return stroke (down) the water is transferred through tho bucket K into the upper aide 
of the pump-barrel; but at the snmo time half of tho quantity is dischorged by the plunger, and 
the other half remains to bo discliarged by the next up-stroke by the bucket. An air-vessel V, 
Fig. 2734, is iu communication with the pump-head. 

The boiler is of the water-tube class, having the tubes arranged in separate layers, and each 
layer at right angles to the one immediately above or below it ; they are also inclined, to 
ensure a circulation of the water, which goes on in tho direction shown by the arrows, Figs. 
2733.2736. 

When it becomes necessary to cxAtnine tho boiler, it can be readily done by unscrewing tho 
bolts at B, and B t , Fig. 2733, and lifting the shell entirely off; then every one of the tubes are 
exposed. 
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were, one broad roller, and they are ^ 2 73H> 

of such width that they slightly ^ — • -p 

overlap the track* of tho front 
rollers, as shown in the back ele- 
vation, Fig. 2738. The hind rollers 
are mounted within a ring acted 
titwn by the steering gear, tho hand — 

wheel of which is situated on one 

side of the engine. The mounting # 

of the hind rollers is, moreover, so ^ 

arranged that tho machine can, as ( rr r 

it were, rock on them to some slight t i[jn; . 

extent, and tho front wheels are r®jjH Oil 

thus left free to adjust themselves j H ^ rr ) 

to the curvature or inequalities of i 1 1 m yjjjj 

the rood. Tho machine is practi- -3 

cally supported on three points, tho Mr 22 ? J JjLrfl- j ( I 

most stable arrangement that con I > — / [ ~ ~X\ 

' be employed. I - - * - i 

Tho general arrangement of tho > — ' | 

steam-cylinder and gearing is tho 

same as that ordinarily employed L— -f A .. 

by Aveling and Porter on their |i * *. i Hy, 

well-known traction engine^ »nd j / ..J A ~ \ V I V I <T 

all parts are readily accessible and ■ | | 1 ( ■■■* 

completely open to inspection. The x ] 

firo-nox is provided with a side ~l 1 »l—3 

door, the firing being performed by j ?$ 

the driver, who stands on one side ^ 

of tho engine, while the steersman 

stands on the other. The fuel and 

water are carried upon the strong JJ ^ - _ 

framing, which connects the hind 
rollers with the fore part of the 

machine, and the weight is ar- — 

ranged so that it is equally distributed on tho two pairs of rollers, while the centre of gravity is 
kept as low ns possible. 

At Manchester a road-roller, similar to that we are now describing, rolled down a surface of 
2225 sq. yds. of newly-metalled road in ten hours with a consumption of 6 cwt. of coko; whilo 
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SUam Road-Boiler of Aveling and Porter, of Rochester. — This machine, Figs. 2737, 2738, weighs 
15 tons, and is mounted on four broad wheels or rollers, the front |»ir, which are 5 ft. in diameter, 
acting as the driving wheels ; these rollers are so placed that the total width rolled is 6 ft. The 
hind pair of rollers, which are i ft. 9 in. in diameter, aro placed close together, so as to form, as it 
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on another occasion GOO sq. yds. of similar road wore rolled down smooth in 2} hours, tho consump- 
tion of ooko being three bushel*. 

Beside* mod-rolling, the machine can, by merely placing spikes in holes provided in the wheels 
to receive them, bo also employed for breaking up the roads. Tho machine at Manchester was 
tested with this class of work, and picked up an area of 2018 «q. yds. in three hour* forty 
minutes, with a consumption of 1G0 lbs. of coke. The cross-picking was subsequently performed 
by hand-labour, the amount of this hand-labour being only equal to that of one inun working sixty 
hours, bee Agricultural Engines. Agricultural Implements. Air-Engine. Blowing 
Machine. Boring and Blasting, p. 515. Bridge, p. 793. Cam, p. 904. Coal-cutting Machine. 
Copper, n. 1070. Dredging Machine. Drill. 

ENVELOPE MACHINE. Fil, Machine it plier les enveloppet ; Ger., Convert f aUmaschine ; 
Ital., Macchina da oupertine ; 8PAN., Mdquina jxtra hater nhrtt. 

Saif -feeding Envelope- folding Machine . — Tho credit of inventing this machine is duo to G. H. 
Reny, of Now York. 

To thoroughly appreciate tho advantages these machines present, our readers must l>ear in 
mind that other machines require three attendants to perform the operations carried out by 
these, which require one attendant only. There is the attendant to feed with one blank at a 
time; and as ordinary machines deliver the envelopes simply creased, another attendant must 
place tho flaps of the cnveloixw in proper order and gather them up, whilst a third attendant is 
required to band them. In tne machine wo are about to describe, the attendant sits down in front 
and places in the proper receptacle a certain number of blanks, regulated according to their sub- 
stance; tho apparatus picks up the blanks singly and conveys them to the crcntdiig-box, and, 
during their progress, they are staiiqtod, if so required. After having been creased, the envelopes 
are, by a double action of the plungers, most securely and correctly fastened and folded. Alter 
leaving the plungers, 
they are mechanically 
collected and delivered 
to the attendaut iu sym- 
metrical order ready to 
bo banded. Thus, from 
the time the blanks are 
deliver'd to the ma- 
chine till the perfect 
envelope is turned out, 
the attendant lias no- 
thing to do with them, 
which leaves amplu 
time to band them tip. 

This machine is re- 
presented in front ele- 
vation at Fig. 2739. 

Fig. 2740 shows tho 
apparatus in side ele- 
vation. Fig. 2741 is a 
plan, with the upper 
framing removed, to 
show more clearly tho 
apparatus for feeding 
and pressing. A is 
the main frame of the 
machine ; it carries near 
its upper part a tablo 
B, above which is a 
plate C supported by 
columns or pillars D on 
tho tabic B. The plate 
C is perforated for tho 
passage of tho lifters. 

The tabic B also carries 
near the front end an- 
other plate E, free to 
be mov'd in and out 
as required. This plate 
nu'l a portion of the 
table B are shown on 
a larger scale in iso- 
metrical view in Fig. 

2742, and insido view 
in Fig. 2746. The en- 
velope blan ka are placed 
on tho plate E when 
drawn out, as shown in 
Figs. 2740, 274L and 

2746, and are kept in place by projections a a on tho pinto. The projections are fitted at top with 
bent springs 6 6 for a purpose to which we shall presently refer. When the plate E has been sup- 
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plied with ft number 
of blank*, it is pushed 
in, as shown in Fig. 
2742, until tho blank* 
come against projec- 
tion* cc on the table 
B, when they are in 
position for being fed 
singly into the iua- 
chine. The plate is 
then secured by means 
of a thumb-screw J. 

The table B carries 
guides F for vertical 
roils G G which pass 
through it These rods 
are forked at bottom to 
embrace a horizontal 
rod H, while at top 
they are connected by 
a cross - beam I from 
which lifters J J de- 
pend. These lifters 
perform the double pur- 
pose of gumming the 
envelope blanks and of 
lifting them one by one 
from tho supply-plate 
E. The lifters are 
forked at bottom, and 
the forkod ends are sup- 
plied with gum from 
the rollers e e , which 
have a to-ond-fro mo- 
tion imparted to them. 
Immediately after 
being gummed, the 
lifters J J fall, como in 
contact with and take 
np the uppermost 
blank, which odhores 
to their gummed sur- 
face. The lifters J J 
receive up-and-down 
motion from a rocking 
lever K centred on a 
shaft L at bock of the 
machine, and acted 



upon by a nun 1 on tlio main driving abaft SI. Thia cam i» double, that in, it ia formed no 
»» toproduoo a double action; it first mine* the lifters JJ a certain height (after their forked 
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ends hAve boon gummed nnd havo taken up a blank), in order that the blank may bo released by 
coming in contort with the under-surface of the plate O. The bent springs 6 b on the projections 
a a of the supply-plate K at the wimo time bend down or curve the end fln|»8 of the blank to ensure 
its being caught oy fingers. The second portion of the cam 1 then acts to raise the lifters J J still 
higher, when the gumming rollers ec come under their forked ends to Btipply them with gum for 
another blank. In the meantime, the first blank has been seized by fingers // on the ends of slide- 
rods gg, which arc moved to ami fro in a framing A fixed on the back part of the table B. This 
movement is effected by a weighted rod N, which connects a cross-bar O of the slide-rods g g to tho 
back shaft L. Tho weight on tho rod N prevents all jar and shock in this part of the machine. 
Tho aliaft L receives motion from a lever P on its end, acted upon by a cam 2 on the main shaft M. 
The lever P is furnished with a spring rod Q to keep a roller »' carried by the lever on the face of 
tho earn. Tho fingers f f are undercut at tho back, as seen In Fig. 2740, in order that in their 
backward motion the undercut portions may come against the blank and carry it to tho creasing 
apparatus. 

The gumming rollers re receive their to-aml-fro motion by means of levers RR connected to a 
cross-bar 8 under the table B ; the cross-bar 8 in its turn receives motion from a nearly vertical 
rod T, the lower end of which is forked and furnished with a roller j, which rides upon and is 
acted on by a cam 3 on the main shaft M. The gumming rollers ee are fitted in a frame which 
moves to and fro in guides on the plate C; any gum which may fall from the rollers is caught 
upon this frame. The rollers are composed of printer’s composition covered with india-rubber. 
They receive their supply of gum from another roller or doctor A, which rotates partly in a box / 
oontaiuiug the gum. The doctor k is made to rotate by a projection on its axis being acted on by 
a pin on the shaft U carried by a framing on the table B. This shaft receives motion through 
a pulley V, over which a band josses to another pulley W on the maiu shaft M. The gum-box / 
is provided with a scraper or spreader to regulate the supply of gum. 

The plate C has two ribs mm formed on its under-side, which, as tho envelope blank is being 
carried back by the fingers //, as before explained, keep the end fiaps slightly curved downwards, 
in order that the blank may be presented in that position to the plunger. Beneath the plate C is 
an inclined plate n which supports the body of the blank while being carried to the creasing-box. 
Immediately the blank is brought over the creasing-box, a top plunger X comes down u|x>n it nnd 
drives it into tho creoaing-box, whereby the four flaps are creased or brought into a vertical posi- 
tion ; the plunger X then ascends. Up-and-down motion is imparted to this plunger through a 
vertical rod Y connected to a horizontal beam Z above the machine. Tho beam Z is again con- 
nected to another vertical rod A 1 forked at its lower end, and carrying a roller o, which rides on a 
cam 4 on the main shaft M. except after the plnnger X in its down-stroke has reached the envelope 
blank. If the pressure of the plunger is not sufficient, greater pressure is caused to bo exerted by 
another roller o* which rides over the roller o at every revolution of the main shaft. This addi- 
tional roller o* is carried on a pin adjustable in a slot o* (see the detached view. Fig. 2743) in an 
arm or crank o* on the main shaft. The l>cam Z is guided in its motion by a roller which bears 
against a projection on the upper part of the main frame A. 

When the top plunger X ascends, two fingers q q come down upon and fold the end flaps of the 
blank ; then another finger 7* comes down upon and folds the back flap, the inner surface of which 
has been gummed ; a fourth finger q* then comes down upon and folds tho front flap. Simulta- 
neously with the coming down of tho two end fingers 7 7, a bottom plunger X* is made to ascend 
to tho bottom of the creasing-box to support the blank. Immediately after the folding of tho 
fiaps by the four fingers, the top plunger X again descends and carries another blank into the 
creasing-box. The fingers then retire by means of mechanism wo shall presently describe just 
before the plunger X in its down-stroke would press upon them, and this plunger exerts pressure 
upon the edges, and still greater pressure uj>on the gummed portion (owing to the j>eculiar 
construction of tho face of the plunger) of the envelope, the folding of which lias just been 
completed. The finished envelopo and the creased blank are now momentarily held between tho 
two plungers X X 1 . 

It will thus 1)0 seen that each blank remains in the creasing-box during two descents of the top 
plunger X. The bottom plunger X 1 is made to rise and fall by means of a cam 5 on the main 
abaft M, against which a roller r on a forked vertical rod B\ which carries tho plunger X 1 , bears. 
The finished envelope is caused to fall from tho top of the plunger X 1 by means of two projections, 
which in the down-stroke of this plunger pass through slots, and tilt the back of tho envelope, which 
falls edgewise down a shoot D 1 into a box C 1 . The back of this box is free to slide in and out, and 
is connected to a lever », centred on a support t fixed to tho main frame A ; the pin which connects 
the lever * to the support t, also connects to the same support a curved lever w. A bar r, which 
supports the vertical rods G G, presses in its downward motion upon the curved portion of tho 
lever w, and through the lever * causes the bock of the box C 1 to carry forward into the box tho 
envelope last delivered from the creasing-box. The box C extends to the front of the machine, and 
forms a table, which may be used by the attendant while banding the envelopes into packets as 
they arc token out of tho box. 

The two fingers 7 7, for folding the end flaps of the envelope, as before explained, arc arranged 
as shown in Fig. 2745, and act as follows; — They each consist of a plate with bevelled edges 
secured at hack to a block x, and are furnished with adjusting screws. Each block x works upon a 
pivot y in an arm x, carrying a boss a 1 formed with teeth on a portion of its periphery; the teeth 
on each boas arc geared into by a rack or toothed l>oes on the upper part of a vertical rod c 1 . Tho 
two vertical rods c* are connected by a horizontal bar d l caused to rise anti fall by another vertical 
rod /*, the lower end of which is forked and furnished with a roller g l which rides over a cam 6 on 
the main shaft. In the down-stroke of the forked vertical rod /* tho racks on the rods c 1 , by gear- 
ing into the toothed bosses a 1 , cause tho fingers 7 7 to turn upon their pivots y, and take up a 
position over the creasing-box and under the top plunger, and so fold the flaps. In tho up-stroko 
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of the rod p the fin "era q q arc caused to retire, and as soon as they aro free from the plunger X n 
spring m\ connected to the back of each finger-block x, draws down the back of the block, and 
thereby raises the fore end of the finger. 

3T45. 




The fingers 7* 7* for folding the bock and front flaps of the envelope are arranged and act 
similarly to the fingers q 7, for folding the end flaps, as just explained. The finger 7 1 is acted on 
by a nearly vertical rod ft 1 toothed at its upper port and forked at bottom, where it carries a roller i 1 , 
which rides over a cam 7 on the main shaft. The finger 7* is similarly acted on by a rod /, roller /*, 
and cam 8. In order that the top plunger X, the second time it acts on each blank, may. after the 
fingers retire, exert greater pressure on tho gummed portion of the envelope, riba or projections n* 
are formed on tho face of the plunger, as shown in Fig. 2744, which is a view of the wee of the 
plunger, to correspond with tho gummed portion, in addition to tho ordinary rib or projection on 
the edges of the face of the plunger. As there are three thicknesses of paper at the gummed 
portion of the envelopo, this portion consequently receives the greatest pressure. Tho plunger X is 
perforated for the escape of air. To prevent the envelopo blanks adhering to each other, a portion 
of the snpply-plate is removed, as seen at p*, Fig. 274G, so that the lifters J J, in coming down upon 
the blanks, may press down and separate their edges. 

The forked vertical rods referred to ns being fitted with a roller riding on a cam on the main 
shaft arc each furnished with a spring to keep the roller down upon the face of its cam. To raise 
the top plunger X and its beam Z when necessary for cleaning or repairing the machine, a curved 
lever E is fitted on the main frame A. By turning the lever on its pivot it comes against a roller 
F 1 on tho beam Z, and raises tho l>CAm until the roller falls into a slot formed for the purpose in tho 
lever E*. Roe Pin-making Machine. 

EPICYCLOIDAL WHEEL. Fr., Roue fpicyciotdal ; Geb., Epicykloidenrad ; Ital. Ruota epi- 
cicloidale ; Span., Jtueda da ejncicloide. 

See Mechanical Movements. 

ESCAPEMENT. Fr., Echappement ; Ger., J/rmmunq; Ital., Scappamento ; Span., Escape. 

Escapements are contrivances for converting a reciprocating circular motion into a discontinuous 
circular motion in one direction. 

Fig. 2747 represents an arrangement of this nature. Upon the shaft O is fixed a toothed wheel, 
tho teeth of which form an acuto angle, but present one face coinciding with the radius, whilst tho 
other mokes with this radius a more or less con- 
siderable angle, or, in other words, one face of tho 
tooth is perpendicular to the axis and (he other 
forms a kind of inclined plane. This is called the 
ratchet-wheel. A lever OA, which moves inde- 
pendently of the shaft, turns upon the same axis O. 

In a point C of this lever is a ratchet or click C D, 
the end D of which drops into the teeth of the 
wheel, and is held in this position by a spring r 
fixed to the lover. When the lever is moved in 
the direction of the arrow, it drags tho wheel with 
it. thereby causing the wheel to revolve to a cer- 
tain extent. When the lever is moved in the 
contrary direction, the end D of the click slides 
up the inclined plane formed by the next tooth 
and drops into tho following one, and so on over 
several teeth in succession. Tho reciprocating motion of the lover thus causes the shaft to revolvo 
constantly in ono direction, but in a discontinuous manner. As the shaft is usually acted upon by 
a resisting force which would tend to make it revolve in the contrary direction, a contrivance is 
required to prevent this backward motion. This contrivance is a click, or, as it is commonly called, 
a pawl I E, which turns about tho point I, and drops nt its other extremity into tho teeth of the 
wheel ; in this position it is held by a spring r fixed, ns well as the axis I, to the frame-work of 
the machine. When the wheel turns in the direction of the arrow, the inclined faces of the teeth 
slide over the paid by forcing the spring r’ to yield, and in this way a certain number of teeth 
escape. But w hen the lever turns iti the contrary direction without moving the wheel, this latter 
is held in its position by the pawl, which cannot yield to the pressure exerted upon it by tho tooth, 
because this pressure normal to the tooth has a direction E N passing between the axes of rotation 
I and O, and tending to drive the pawl towards the right, which is impossible, since tho points 
O, E, I, are tho summits of a triangle the sides of which are invariable. 

This kind of ratchet is frequently employed in those manual machines which are used to lift 
the materials in building. It has also been applied with some slight modifications to drags, cranes, 
presses, A'c. 
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It will bo Boon that tho shaft revolves during ono-half only of tho oscillation of the lovor. But 
by placing a ratchet at each end of the nxia O in such a way that one ascends while the other 
descends, tho motion of tho shaft may be rendered nearly continuous. This condition is, however, 
equally fulfilled by L<hj‘irou$*e' $ icrcr, represented in Fig. 2748. 

Thia lever, which turna about a fixed axis I, has two clicka jointed to it in tho points C and Cf ; 
these clicks fall into the teeth of the wheel O upon the axis of tho shaft. They are held in this 
position by springs fixed to tho lover, and the wheel is held by a pawl as in the first arrangement. 
The way in which Lagarouase'a lover works is evident. When the end A is lowered, the click C D 
drags the wheel round ; at the Bame time tho click O' D' is liberated and allows a certain number 
of teeth to escape successively. When, on tho contrary, tho end A is raised, the olick C' IV drags 
the wheel round, and tho click C I) is liberated, allowing, in its turn, a certain number of teeth to 
escape. In this way the wheel is left stationary only during the very short space of time occupied 
iu changing the direction of the motion of the lever. 

In tho example, Fig. 2748, the lever acta upon tho toothed wheel by pulling; it might be made 
to act upon it by pushing, by merely changiug tho direction of the inclination of the teeth. The 
shaft, in this case, would turn in the oontrary direction. 



2748. 2749. 




The ratchet-wheels described aliove are open to the grave objection of causing, when they are 
large, on intolerable noise, due to the shock of the click each time a wheel escapes. This objection 
has beeu removed by the arrangement represented iu Fig. 2749. The teeth of the wheel ore, in 
this case, nearly straight, and offer on each side only a slight inclination with respect to the radius. 
A bent lever F O m n turna alxmt the axis of this wheel independently of tho wheel itself. In the 
point F is fixed a click F D, the end 1) of which falls into the teeth of the wheel. A lever O A, to 
the end A of which the forro is applied, also turns about the axis O ; thia lever and the click are 
connected by tho rod C I jointed at its extremities. The play of the lover O A is limited by two 
pins or studs m and n fixed to the bent lever. When the end A is lowered, the click dreps into the 
teeth of the wheel and forces it round. But when tho end A is raised, the click is forced up by 
the rod C I; ami the lever striking against tho stud n turns the bent lever independently of tho 
wheel. The end A being now brought back to its former position, the click is drawn down into 
tho teeth of tho wheel by tho rod 1 C, and the wheel is again forced round. Tlie stud m merely 
shows the position of the lever when the click has a firm hold of the teeth. With this arrangement, 
the intervals of rest arc somewhat longer than in those described above. 

Instead of the ratchet anti toothed wheel, friction may be employed to bring about tho same 
result. Of these contrivances, tho two most imjtortnnt are that due to M. Saladin, of Mulhousc, and 
that known os Dobo’s. Wc will first explain tho principlo of tho former. To that end we' will 
consider, in the first plow 1 , a horizontal cylindrical rod or shaft A B, Fig. 2750, revolving between 
guides, and suppose it embraced by a ring a a', the inner 
diameter of which is a little greater. This ring is pro- 
vided with a haudle or lever <i \ to tho end 6 of which 
a motive force F may be applied in the plane of the 
symmetry of the system, which we will suppose to be 
that of the figure. On account of the play between tho 
shaft and the ring, tho latter will slide freely along tho 
shaft when it is held nearly parallel with a right sec- 
tion. But if it is acted upon by a force F which causes 
it to assume tho position shown in tho figure, in which 
it touches the shaft in the two opposite points a and a\ 
sliding may become impossible, independently of tho 
intensity of the motive force. For, m order that the 
ring may slide along tho shaft while maintaining this 
position, the reactions R and R' exertid by tho shaft at 
the points of contact « and o' must make with the normals 
a n and a' n angles equal to tho angle <p of the friction 
of the bodies in contact. Let I be the point of inter- 
section of tho directions of the forces R and R'. In order 
that the ring may be moved along with a uniform 
motion, or in order that it may be on the point of 
being so moved, equilibrium must exist between the 
three forces F, R, and R', and consequently the force F must pass through the point I. This 
condition is sufficient for equilibrium (neglecting the weight of the ring), and to obtain tho 
intensities of the reactions R and R' we have only to transport the force F to I, in a contrary 
direction, and to decompose it according to tho rule of the parallelogram of forces, in tho direc- 
tions a R and a R\ If now wo vary the angle which tho reactions make with the corresponding 
normals, the point of meeting I of these reactions describes a branch of an equilateral hyperbola 
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ale which passes through the point a and which has os its aaymtote the straight line O V, 
drawn through the middle 0 of a a' perpendicularly to the direction of the shaft, or to the hori- 
zontal I H. This granted, if the force F, passing through the point b, made with I H an angle 
greater than the angle 6 I II = a, it would meet the hyjaerbolu between I and « ; therefore, tho 
reactions, at the point of meeting, must make with the normals angles greater than the angle 
which is impossible. This amounts to saying that, in this cose, equilibrium would not oxist, and 
the ring would he forced along the shaft. But if the force F made with the direction of the shaft 
an angle less than a, its direction would meet the branch of the hyperbola between I and C, and 
consequently the reactions It and It' would then make with the normals an angle less than tho 
angle of friction and. in this case, sliding becomes impossible. This result is independent, as 
the student will set;, of tho intensity of the moving force F. From all this we conclude tliat, in tho 
cose in which the force F makes with the? direction of the shaft an angle smaller than a, the ring 
being unable to slido along the shaft, the latter will be forced in the direction of A towards B, 
whilst if the angle of F with the shaft is greater than a, the ring may slide without dragging tho 
shaft. Upon this fact, which may be easily verified by experiments, is founded the invention of 
M. Saladin. 

Upon the axis of the shaft is fixed a wheel, the outer rim or fellies of which are broader than the 
arms or spokes in the direction parallel to the axis of rotation ; the section of this rim is shown by 
the hatched portion of Fig. 2751. It is embraced by a kind of ring formed of tho branches a 6, a 6, 
between which the arm m n passes, and a sphere O fixed to the branches a 6, a b, by a pin through 
its diameter a a. This sphere is affixed to a rod p which slides through a hole C in a piece on tho 
end of a lever A B turning about the axis of the wheel, but independent of this wheel. Fig. 2752 
shows the general arrangement of the wheel and the lever. In the position there indicated, tho 
rim is seized or pressed between the branches a 6 and the sphere O; it follows from this that when 
the end B' of the lever is lowered, the rim is acted upon by a force which tends to make tho wheel 
revolve in the direction of tho arrow. When, on the contour, the end B' is raised, tho end B 
descending, the branches or arms a b assume a position normal to the circumference of tho wheel, 
and may, in virtue of the play left between the circumference and tho sphere O, follow the motion 
of the lever without exerting any force upon the wheel. A similar system a'b\ on the end of a 
fixed arm M N, plays the part of the pawl in a ratchet-wheel. When the wheel turns in tho direc- 
tion of the arrow, tho branches a' b' occupy a position normal to the circumference, and therefore 
allow the wheel to pass freely. But when the motion is arrested, tho branches u' b' fall back by 
their own weight, and if the motion had a tendency to take the direction the contrary of that indi- 
cated by the arrow, the circumference of the wheel would be pressed between these branches and 
the sphore, and the motion would thus be rendered impossible. 




It will bo seen that the wheel revolves during one only of tho two oscillations of the lever. But 
a system similar to that of Lagarousse’s may be adopted ; this arrangement is represented in 
Fig. 2753. To a lever A B B', turning about a horizontal axis O, nrc jointed two rods or arms B C 
and B' O', and to the ends of theso C and C rings are adapted analogous to those of the system we 
have been describing; those rings embrace tho circumference of a wheel fixed upon the shaft it is 
required to turn. When the end A of the lever is raised, the point C is raised also; the corre- 
sponding ring presses against the circumference of the wheel and causes it to revolve. The point 
0, on the contrary, is lowered, and the corresponding ring assumes a direction normal to the cir- 
cumference, allowing the wheel to pass freely. Tho inverse of this takes place when tho point A 
is lowered, so that tho wheel is made to revolve with each movement of the lever. 

Dolto’s system is founded upon similar principles. A plane and a sectional view is given in 
Fig. 2754. Upon the shaft 00 is fixed a disc A A, revolving with a gentle friction in a ring B B 
to which tho motion is communicated, either by hand on the handles P P, or by some other means. 
Uj>on the disc A A in the hollow sjiace between the shaft 00 and tho ring B B, are fixed a number 
of pieces M, M, M, turning about axes c, c, c, fixed to the disc, and terminating on the side of the 
ring in ares of a circle having a radius a little less than that of the ring. Small springs r, r, r, also 
fixed to the disc, press lightly upon these pieces; and, ns the distance from the axis c to the angle 
of the piece in contact with the spring is a little greater than the normal distance from the point o 
to the ring, the effect of the spring is to force this Anglo to rest against the ring. The normal m O 
at the point of contact makes only a small angle of about 9 degrees with the straight line me. 
When the ring is turned in the direction contrary to the arrow, the pieces M, M, M, force the 
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corresponding springs to yield, and, in virtue of the play which is thereby produced, the ring revolves 
without turning the disc. When, on the contrary, the ring is turned in the direction of the arrow, 
the springs establish contact between the pieces M, M, M, and the ring; the piece M not being able 
to turn about the point c in the direction that the ring tends to give it, it follows that the reaction 
of the ring passes through the point c. But the angle O me being less than the angle of friction 
for tho substances in contact, the 
piece M caunot slide with a relative 
motion upon the ring ; consequently, 
the latter forces the disc, and of 
course the shaft upon which the disc 
is fixed, to revolve. The particular 
advantage offered by IX* he’s system 
is that the extent of the motion com- 
municated to the ring is absolutely 
arbitrary, instead of being, as in the 
other systems, limited to the oscilla- 
tions of a lever. 

To the foregoing systems may be 
added that of Chameroy, which is 
employed in screwing together gas or 
water pipes. It consists of a cord 
B C C' B, Fig. 2755, which is passed 
round the pipe and fixed at each end 
to a lever D K, tho lever being thus 
pressed against the pipe. If a force 
F be exerted upon the lever in the 
direction indicted in the figure, the 
cord cannot slip over the surface of 
the pipe, and consequently tho pipe 
is turned upon its axis. If, on the contrary, a force be exerted in the contrary direction, the cord 
and the lever slip over the surface of the pipe, and may be brought up to their first position. 
Again applying a force in the direction of F, the pipe is turned upon its axis, uud so on till the 
work is completed. 

Viewed mathematically, these results appear as follows ; — 

I/et P be the weight of the lever, T and T' the tensions of the conls B C and B' C\ R the 
reaction of tho pipe upon the lever. For the sake of simplicity we will suppose the cords B C and 
B'C' parallel. Let a be the angle which their direction makes with the horizontal, and i the angle 
of the reaction R with this same horizontal. The conditions of the equilibrium of the lever D E 
give the three equations, 

F 4- (T' + T) cos. a — R cos. i = 0, 

P — (T' + T) sin. a 4- R sin. » = 0, 

and, making D A = A and A O = r, 

F A — P r — (T* — T) i — Hr sin. i r 0. 

The condition of the slipping of the cord upon the pipe requires T' = 
coefficient of friction, we make e w f = A. whence T' = * T. 

Tho equations of equilibrium thus become 

F 4* (* 4- 1 ) T cos. a — R eos. i = 0, 

I* — (4 4- 1 ) T sin. a 4- R sin. i = 0, 
and FA — Pr — (A — l)Tr - Rr sin. » = 0, 

or F - - P -(*- 1)T- R sin. i = 0. 





Te f"; putting / for the 



[ 1 ] 



From the first two we deduce 



F sin. » 4- P cos. • = (* 4- 1 ) T sin. (a — •), 
F sin. a 4* P cos. a = R sin. (a — i). 



If we deduce from these latter the values of T and of R, and substitute them in [11 wc 
obtain 

F sin. » 4- P cos. i (F sin. « 4- P cos. a) sin. * 
sin. (a — i) sin. (a — i) ~ ’ 



r *4-1 



a relation from which, by putting j j ss m, we deduce 

* t 1 



A sin. (a — i) 
r ( m 4- sin. a) cos. * 



[ 2 ] 



This formula gives a negative value for F, when a is equal to or less than i. But in the 
present case • is the angle of the friction of the lever upon the pipe. Therefore, when the common 
inclination of the cords B G and B'C* becomes equal to or less than the angle of the friction of the 
lever upon the pipe, we have a result incompatible with the hypothesis, which showB that this 

4 i 
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hypothec* i* then inadmissible, and tlmt consequently tlic apparatus cannot alide upon the aur- 

f aot^ of lie ^ ^ exerted i n the direction contrary to F, the sign of F must he changed in the 
formula 1 !; also, the sliding motion having a tendency to take a contrary direction, we must put 

_ rp' e ir, or T' = I T, that is, the k must be changed into which is equivalent to changing 

the sign of m; and, in accordance with the principles relative to friction, the sign of » must bo 
changed. The formula [2] thus becomes 



F = 



sin. (o — 0 
r (m — sin. a) cos. » 



[3] 



- tan. t 



It will be observed that, provided sin. a be less than m, h may be eo arranged as to render the 
denominator positive ; therefore the force F is positive in this ease. And the result being ©ompa- 
tible with the hypothesis of the sliding, it follows that sliding may take place. 

The above inodes of producing motion is applied to various purposes, among which wc may 
mention sawing fry machinery, in which case the wood to be sawn has to be pushed forward while 
the saws ascend ; and waving fry machinery, where a similar movement of the fabric is required. 

Fig. 2750 represents a verge escapement. On oscillating the spindle the crown-wheel lias 
an intermittent rotary motion. 







Fig. 2757. An escapement. D i» the escape-wheel, and C and B 
the pallets. A is the axis of the pallets. 

Figs 2758, 2759. The former is what is termed a recoil, and the 
latter a rrpow or dead-brat escapement for clocks. The same letters of 
reference indicate like parts In both. The anchor HLKIi caused, by 
the oscillation of the pendulum, to vibrate upon the axis a. Between 
the two extremities or pallets H K is placed the escape-wheel A, the 
teeth of which come alternately against the outer surface of the pallet 
K and inner surface of pallet H. In Fig. 2759 these surface* are cut to 
a curve concentric to the axis a; consequently, during the time one of 
the teeth is against the pallet the wheel remains perfectly at rest ; 
hence the name repose or dead-beat. In Fig. 2758 the surfaces are of a 
different form, not necessary to explain, as it can l>o underetood that 
any form not concentric with the axis a must produce a slight recoil 
of the wheel during the escape of the tooth, ami hence the term recoil 
escapement. On the pallets leaving teeth, at each oscillation of the 
pendulum, the extremities of teeth slide along the surfaces ce and Jb 
and give sufficient impulse to pendulum. 

Fig. 27G0. Another kind of pendulum escapement. . 

Fig 2761. Arnold’s chronometer or free escapement, sometimes used in watches. A spring A 
is fixed or screwed against the plate of the watch at fr. To the uuder-side of this spring is attached 
a small stop d, against which rest succes- 2760 

sively the teeth of the caeape-whcel B; 
and on the top of spring is fixed a stud i, 
holding o lighter and more flexible spring 
which passes under a hook k at tlio ex- 
tremity of A, so that it is free on being 
depressed, but in rising would lift A. On 
the axis of the balance is a small stud «, 
which touches the thin snriug at each 
oscillation of Iwtlancc-whcel. n hen the 
movement is in the direction shown by 
the arrow, the stud depresses the spring 
in passing, but on returning raises it and 
the spring A and stop d, and thus allows 
ono tooth of escape-wheel to pass, letting 
them fall immediately to arrest the next. 

At the same time that this tooth escapes, another strikes against the side of the notch g, ami restores 
to balance-wheel the force lost during a vibration. It will lie understood that only at one point is 
the free movement of Inlance opposed during an oscillation. 

Fig. 2762. Stud escapement, used in large clocks. One pallet B works in front of the wheel, 
and tho oilier at the back. The studs are arranged in the same manner, and rest alternately upon 
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As the curve of the (Millet* is an arc described from F, this is a repose 



the front or back (Millet, 
or dead-beat escapement. 

Fig. 2713. Duplex e-mpvmrnl, for w»tchc«, an died from |»rtj.kmg «r thu ohumctcra of the .pur 
»n«l crown wheel. The »xu> inf Ulnnoe eniriee pallet B, which »t every owillntion receives an impulse 
, m *ne crowrn teeth. In the axis A of balance-wheel is cut a notch into which the teeth round the 
edge of the wheel successively fall after each one of the crown teeth passes the impulse-pellet B. 




2765. A cylinder earajiement. Fig. 2764 shows the cylinder in perspective, and 
Fig. 2765 shows part of the escape-wheel on a large scale, and represents the different positions 
taken by cylinder A B during an oscillation. The (Millets <», ft, <\ on the wheel rest alternately 
on the inside and outside of cylinder. To the top of cylinder is attached the balance-wheel. The 
wheel pallets ure bevelled, so as to keep up the impulse of balance by sliding against the bevelled 
edge of cylinder. 

Fig. 2766. I^cver escapement. The anchor or (Here B, which carries the pallets, is attached to 
lever EC, at one end of which is a notch E. On a disc secured on the arbor of balance is fixed a 
small pin which enters the notch at the middle of each vibration, causing the pallet to enter in 
and retire fn»m between the teeth of escape-wheel. The wheel gives an impulse to each of the 
pallets alternately as it leaves a tooth, and the lever gives impulse to the balance-wheel in opposite 
directions alternately. 





Fig. 2767. An escapement with a lau tern- wheel, 
carries the two (Millets B and 0. 

Fig. 2768. An old-fashioned watch escapement. 

Fig. 2762. An old-fashioned clock esca|)cmeiit. 

Figs. 2770, 2771. A clock or watch escapement; Fig. 2770 
being a front elevation, and Fig. 2771 a side elevation. The pallet is acted upon by the teeth of 
one and the other of two escape-wheels alternately. 
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Fig. 2773. A dead-beat pendulum escapement. The inner face of the pallet E and outer face 
of I) are concentric with the axis on which the pallets vibrate, and hence there in no recoil. 

Fig., 2774. Pin-wheel escapement, somewhat resembling the stud escapement shown by Fig. 
2702. The pins A B of the escape-wheel arc of two different forms, hut the form of those on the 
right side is the best. One advantage of this kind of escapement is that if one of the pins is 
damaged it can easily bo replaced, whereas if a tooth is damaged the w hole wheel is ruined. 



277 *. 2775 . 




Fig. 2775. A single-pin pendulum escapement. The escape-wheel is a very small disc with 
single eccentric pin ; it makes half a revolution for every beat of the pendulum, giving the impulse 
on the upright faces of the pallets, the horizontal faces of which are dead ones. This can also bo 
adapted to watches. 

rig. 277G. Three-legged pendulum escapement. The pallets are formed in an opening in a 
plate attached to the pendulum, and the three teeth of the escape-wheel operate on the upper and 
lower pallets alternately. One tooth is shown in operation on the upper pallet. 

Fig. 2777. A modification of the above, with long stopping teeth I) and E. A and B are tho 
pallets. 

Fig. 2778. A detached pendulum escapement, leaving the pendulum P free or detaches! from 
tho escape-wheel, except at the time of receiving the impulse and unlocking the wheel. There is 
but one pallet I, which receives impulse only during the vibrations of the pendulum to tho 1« ft. 
Tho lover Q locks tho escape-wheel until just before tho time for giving the impulse, when it is 
unlocked by the click C attached to tho pendulum. As the pendulum returns to the right, tho 
click, which oscillates on a pivot, will be pushed aside by tho lever. 



2776 . 2 * 78 . 2780 . 




Fig. 2779. Madge's gravity escapement. The pallets A B, instead of being on one arbor, are 
on two, as shown at C. The pendulum plsvB between the fork-pins PQ, and so raises one of the 
weighted pallets out of tho wheel at each vibration. When the pendulum returns, the pallet falls 
with it, and the weight of tho pallet give* the impulse. 

Fig. 2780. Three-legged gravity escapement. The lifting of the pallets A and B is done by 
the three pins near the centre of the escape-wheel, the pallets vibrating from two centres near the 
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point of suspension of the pendulum. The escape-wheel is locked by means of stops D and E on 
the pallets. 

Fitf. 2781. Double three-legged gravity escapement. Two locking wheels ABC and ahe are 
here used with one set of lifting pins between them. The two wheels are set wide enough apart 
to allow the pallets to lie between them. The teeth of tho first-mentioned locking wheel are 
stopped by a stop-tooth D on one pallet, and those of the other one by a stop-tooth E on the other 
pallet. 

Fig. 2782. Dloxam's gravity escapement. The pallets are lifted alternately by the small wheel, 
and the stopping is done by the action of the stops A and B on the larger wheel. K and F are 
the fork-pins which embrace the pendulum. 

Fig. 2783. Chronometer escapement, the form now commonly constructed. As the balance 
rotates in the direction of the arrow, the tooth V, on the verge, presses the passing spring against 
the lever, pressing aside the lever and removing the detent from the tooth of the escape-wheel. 
As balance returns, tooth V presses aside and posies spring without moving lever, which then rests 
against the atop E. P is the only pallet upon which impulse is given. 



*1*1. 27WL 2TS4. 




Fig. 2784. Lever chronometor escapement. In this the pallets A B and lever look like those of 
the lever escapement, Fig. 2766; but these pallets only lock the escape-wheel, haring no impulse. 
Impulse is given by teeth of escapo- wheel directly to a pallet C attached to balance. 

Fig. 2785. G. P. Reed's patent anchor and lever escapement for watches. The lever is so 
applied in combination with chronometer escapement, that the whole impulse, balanced in one di- 
rection, is transmitted through lever, and the whole impulse in the opposite direction is transmitted 
directly to chronometer impulse-pallet, locking and unlocking the escape-wheel but once at each 
impulse given by Baid wheel. 

Fig. 2786. G. O. Guernsey’s patent escapement for watches. In this escapement two balance- 
wheels are employed, carried by the same driving power, but oscillating 
in opposito directions, for the purpose of counteracting the effect of 
any sudden jnr upon a watch or timepiece. The jar which would 
accelerate motion of one wheel would retard the motion of other. 

Anchor A is secured to lever B, having an interior and exterior toothed 
segment at its end, each one of which gears with the pinion of halance- 
w heel s. 

ESCAPE- VALVE. Fr., Soupape d< trap plcin ; Gf.r., Fluchl Yentil. 

Sec Water-works. 

EVAPORATOR PAM. Fr., Chaudiire fvaporatoirs ; Geb., Af>- 
dampfpfonne ; Ital., Apftarecchio d? evaporations ; Span., Gdpsnla . 

Sugar Evaporating Apparatus . — In concentrating cane-juice, after it haa been expressed by the 
cane-mill, a variety of processes has been adopted ; the apparatus most generally in use is called 
the Battery, and consists of five or six pans all placed in a line, each less than the preceding ono 
in the proportion that the liquor is concentrated. The liquor is first nut into the largest pan, and 
ladled from one to another successively till its arrival at the last, called the finishing teache, in 
which tho sugar is brought to the required density. It is thence taken to the curing house, where 
it is placed in suitable vessels for allowing tho complete draiuage of all the molasses or unerystal- 
lizable portion, a large part of which, however, can be rendered into sugar by reboiling, which is 
mostly effected in refineries. 
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In the bfttterT process the greatest danger arises near the termination of the boiling in the 
teaches, under which the fin* is immediately placed. The dousity to which the sugar lias been 
brought renders carbonization ditHc'iilt to lie avoided at this stage of the process, and great care 
is ncoifisary in the management of the tire. 

To meet these difficulties, the up] stratus, shown in Figs. 2787 to 2780, has been introduced, by 
which the requisite degree of concentration can bo arrived at, without the possibility of applying 
n temperature injuriously high. 

The Hour pan, named after the inventor, and now successfully in operation in many of our 
sugar-growing colonies, is shown in Figs. 2787 to 8789. It consists of a scries of thin hollow discs 
of copper A A, securely fixed upon 
a central axis B. The discs are 
heated and maintained at a uniform 
temperature by steam, which enters 
at one end through the hollow axiB 

B. A section of the axis is a cross. 

Fig. 2789, the edgo of each portion 
having a flange set to ono side, 
forming longitudinal groove*, the 
use of which is to retain the con- 
densed water from the stittin, and 
deliver it at the extreme end of the 
nxis. The axis is about 9 ft. long, 
and has fitted upon it ten hollow 
discs A A, 3 ft. in diameter. In the 
inside of eaeli disc are two spoons 

C, fixed to one side of the disc, and 
running from the centre to the cir- 
cumference ; these collect the water 
of condensation from the steam, 
and terminate in tubes, delivering 
the water into the longitudinal 
grooves in the nxis B. On the out- 
side of the discs are a series of small 
buckets D, which lift the liquor as 
tho discs move round, and being 
open at the sides, allow a quantity 
of it to lie distributed in a thin 
equable film over the entire portion 
of the surface of each disc that is 
not immersed in the liquid. This 
is a feature in the machine that is 
peculiarly favourable to the libera- 
tion of water from the liquor un- 
dergoing concentration, when it approaches the density necessary for finish. The axis B is mounted 
on a frame E carrying a flat shallow pan F, the bottom of which is curved to a radius about 1} 
inch longer than that of the discs; into this pan the cane juice is put, after having been evapo- 
rated in open pans to 28° or 30° Baumc. When the concentration lias been carried to the required 
degree, the remaining liquor is run out of the |*iu by a valve and pine G. 

The discs are made to revolve about ten times a minute, and are uriven by a strap and pulley H 
on the axis B. Tho exhaust steam from a high-pressure engine is made to enter at one end of the 
hollow axis at 2 ll»s. a square inch pressure above the atmosphere, and tho large amount of heating 
surface which the discs expose for the steam to act upon is the source of the efficiency of the apjm- 
ratus as an evaporator. The low temperature under which the process is effected, the liquor never 
exceeding 170° Falir., renders it peculiarly adapted for tho Colonies, where skilled labour is very 
expensive, and in many places cannot be had. 

Tho adoption of the Bour pan supersede* the use of the teacho in the battery, and the granula- 
tion of the sugar is finished at a much lower temperature than by the toache, thereby avoiding any 
tendency to carbonization of the 
sugar. An apparatus designed for 
the same object has been previously 
introduced under the name of the 
Wetzel pan, so called from its in- 
ventor. A side elevation of this 
nppamtns is shown in Fig. 2790. 

It consists of two hollow discs 1 1 
connected by a number of horizon- 
tal tubes K ; steam is admitted to 
one of the discs through the hollow 
axis, and posses through the tubes 
to the other disc, in which the 
water of condensation collects and is carried off through the axis at that end. In the use of the 
Wetzel pau it was found that tho crystallization of the sugar is most perfect at the two end discs; 
and this circumstance led to the adoption in the Bour pan of a series of discs in place of tho tubes, 
whereby the whole apparatus now produces the superior crystals that were previously obtained 
only from the two enu discs. 





Digitized by Google 





FAN. 1447 

EXCAVATION. Fr., Dfbtai ; Tranches; Ger., Kinschnitt ; Ital., Scavo, Stem; Spas., Dumont*. 

See Embankment. 

EXHAUST-PIPE. Fr., Tuyau <T (fchappement a vapeurf Ger., AuaatrSmrohr ; Itai.., Tubo di 
afogo ; Spas., Tubo de esatpe. 

See Details or Enoineh, p. 1173. Locomotive. 

EXPANSION GEAR. Fr., Mefamisme de distribution de la vapeur ; Ger., Expansions St cue rung ; 
Ital., Congegno (Tespansionc ; Span., Reguiador. 

See Engines, Varieties of. 

EXPANSION JOINT. Fr., Joint glissant ; Expinsions-rlihrcnrcrbindung ; Ital., Congivn- 

tione a dilatations libera. 

An expansion joint Lb a pipe so formed os to be compressed endwise by the ex pension of the 
metal by heat. 

EXPLOSIONS, Boiler. Fr., Explosion des chaw litres ; Ger., Zcrspringen oder Flatten der Kernel ; 
Ital., Esploaione ; Span., Eepbtionef, 

See Gunpowder. 

EYELETTING MACHINE. Fr., Machine a pereer lea (edicts ; Ger., SchnSrhch Stosamaachine ; 
Ital., Macckinn da occhiellare ; Span., Mdquina para hacer ojetes. 

The Eyeletting Machine of Timothy K. Reed is very complete ; it has a hopper K, Fig. 2791, an 
inclined shoot O lending therefrom, and a striking- 
up arrangement. The homier K is cylindrical 
and placid in an inclined position; within it a 
brush radiates horizontally from the centre, nearly 
half-way round the circumference, aud, by a rock- 
ing movement of the standard I, presstta tho eye- 
lets through properly-shaped lateral openings in 
the perimeter directly into the shoot, with their 
flaring or flange parts down bo as to keep the 
shoot full of them, a spring stop at their lower 
end preventing their escape. The die, which 
forms the new flange, is fixed in a socket C, over 
its end, and beneath the die a pin o passes up 
loosely through an anvil fixed to the frarno It, 
through the lowest eyelet and through the work 
to be eycletted. The movement of the lever G 
elevates the shoot and carries it out of rouge of 
the striking-up arrangement, the spring stop 
yielding in the lateral movement of the shoot. 

The hopper being connected with tho shoot is 
thus brought to a less inclined position, and tho 
brush within tho hopper is rocked by the same 
movement. When these parts descend, the guide- 
pin o E goes down into its socket. 

FAN. Fr., Ventilateur, Machine sr, affiant ; 

Ger., Ventilator , Windnut; Ital., Ventilators. 

A Fan is an instrument used for producing 

artificial curreuts of air, by tke wafting or revolving motion of a broad surface symmetrically 
formed. 

GuibaTs Ventilating Fan. — J. S. E. Swindell, in P. I. M. E., states that this ventilating fan is 
employed for the entire ventilation of the workings of the Homer Hill C-olliery, which is situated 
at Cradley, near Stourbridge, at the south-west of the South Staffordshire coal-field, and consists 
of about ninety acres of the Thick or Ten- Yard coal. The colliery has been in operation between 
three and four years, and the plant and machinery are capable of raising 000 tons of coal a 
day. 

The coal seam in that locality is very much cut up by numerous faults, ns shown by the section 
of this colliery in Fig. 2792, which is taken along the line A DCD upon the plans, Figs. 2793, 
2794. In the section, Fig. 2792, there is, beginning at the right-liaud side, a piece of coal extend- 
ing 200 yds. distance; then a down-throw at A, bringing the top coal to face the bottom coal ; 
then a length of 380 yds. from A to It, followed by another down-throw of 31 yds. from D to C ; 
then a length of 300 yds., and an up-throw of 15 yds. at I); and still farther to the west two or 
three smaller faults. These faults, together with numerous fissures, or black things, cause the 
ventilation of this colliery to require more than ordinary care ; and it is from one of these last- 
named fissures that the gus which causinl an unfortunate explosion in this colliery about throe 
years ago is supposed to have Issued, having been brought down by the falling roof or shut. Two 
shafts have been sunk, as shown in tho section, Fig. 2792, each 7 ft. <5 in. diameter. The down- 
cast shaft is carried to a depth of 202 yds. for getting the lower portions of coal lying between the 
two largest faults ; and the upcast shaft is sunk to a depth of only 105 yds. to the upper portion of 
the coal. A jockey pit 19 yds. deep, and an inclined road, connect the lower and upper portions 
of the scam, and by means of this pit and road the air of the ventilation current returns from tho 
lower workings to the upcast shaft. 

(Vials are being raised at both shafts in cages having a sectional area in plan of 20 sq. ft., thus 
leaving for the passage of the air in the shafts by the side of the cages an area of about 24 sq. ft., 
the total sectional area of each shaft being 44 sq. ft. Previous to the application of the present 
mechanical ventilation, when the extent of the workings was small, ana only natural ventilation 
from the heat of the workings was used without the aid of a furnace, it was found that the cages 
acting os pistons in the shafts reversed the current of air every time they ascended or descended ; 
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and the consequence was that, if during the time the colliery was standing, Bay from Saturday 
until Monday, a quantity of gas had accumulated At the working faces; this had to be driven 
backwards and forwards, and in fact ohurned up with the air, until sufficiently diluted to allow of 



27M. 






men entering the work- 
ings. This state of cir- 
cumstances. especially 
with rapidly extending 
workings, could not be 
allowed to go on : and 
it was consequently sug- 
gested by Swindell that 
a mechanical ventilator 
should lie adopted. As, 
however, a mechanical 
ventilator had never been 
used previously for the 
Thick coal workings, it 
had to be considered 
whether a ventilating 
furnace would not be 
better for the purpose ; 
but after the question 
had been thoroughly 
gone into, it was decided 
to adopt mechanical ven- 
tilation, and the plan of 
ventilator to be employed 
had then to be deter- 
mined. 

Amongst the earlier 
plans for the mechanical 
ventilation of mines, 

Struve’s ventilator was 
introduced in South 
Wales twenty years ago. 

It is shown in Fig. 279.'>, 
and is a large pump, 
consisting of a pair of 
inverted cylindrical ves- 
sels like gasholders, each 
1C ft. diameter, which 
are worked up and down Alternately with a G-fl. stroke in annular tanks of water contained withi 
closed chambers. They thus produce the effect of double-acting pumps, drawing in the air fror 
the pit at the top and bottom of each vessel alternately through large inlet flap-valves, and dif 
charging the air so collected at the next stroke through corresponding outlet flap-valves. Th 
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vessels ore worked up and down by n pair of beams driven by • steam-engine. This ventilator 
working ot five <louble strokes, or GO ft. a minute, delivers 13,090 cub. ft. of nir a minute. 




Lemielle's ventilator was used extensively at that time in the collieries of France and Delgiuin. 
It is shown in plan in Fig. 2790, and consists of a horizontal hexagonal drum revolving eccentric- 
ally within a cylindrical casing, 14 ft. diameter and 7 ft. deep, and earrving three vanes, which 
are made to open and close during each revolution by eccentric arms, like a feathering paddle- 
wheel : the drum works close against one side of the easing, giving a passage for the air on the 
opposite side only. By the rotation of the drum, therefore, the air is drawn in at one side of the 
casing and discharged at the other side, in a manner similar to the passage of the steam in some 
forms of rotary engines. This ventilator working at twenty-one revolutions a minute delivered 
]fi,000cub. ft. of air a minute, with a vacuum of O'K in. water-gauge, the velocity of the tips of the 
vanes being 900 ft. a minute. 

The simplest form of mechanical ventilator was Xasmyth’s ventilating fan. This ventilator, 
Figa. 2797, 2798, consists of a simple fan with eight radial vanes, 13 } ft. diameter and 3} ft. 
width, driven direct by a small verti- 
cal steam-engine coupled to a crank 
on the end of the fan shaft. The fan 
works within a casing enclosed only 
at the two sides and entirely open 
round the circumference; and it draws 
the air in at the centre on cadi side. 

It ran at a speed of sixty revolutions 
a minute, or 2500 ft. a minute velocity 
of the circumference, and delivered 
45,000 cub. ft. of nir a minute; the 
lineal velocity of the air-current in 
the upcast shaft was 800 ft. a minute, 
with a vacuum of 0-5 in. water-gauge. 

The two mechanical ventilators 
first referred to involve a complica- 
tion of construction and a consequent 
risk of accidental derangement and 
stoppage, which form a wrioua objec- 
tion to the introduction of mechanical 
ventilation in the place of furnace j 
ventilation ; hut the fan ventilator, 
says Swindell, is bo simple, compact, 
and substantial in its construction, as 
to be free from this objection. 

The Gniltfil fan is represented in ; 
working order in Figs. 2799, 2800; 

Fig. 2799 Iteing a longitudinal section, ' '' 
and Fig. 2800 a side elevation. 

The ventilating fan F is 16 ft. 6 in. diameter and 4 ft. 9 in. wide, and is driven by a horizontal 
steam-engine K. Fig. 2799, coupled direct V* a crank on the shaft of the fan. The engine is shown 
in plan. Fig. 2801 ; it has a 10-in. cylinder with 1G in. stroke, and is made of simple construction, 
very strong and durable. The steam for working the engine is supplied from the winding-engine 
boilers at 50 yds. distance, by a 3-in. pipo laid in sand underground, the pressure of steam being 
40 lbs. a square inch. 

The ventilator consists of an outer casing of brickwork E, Figs. 2799, 2800, the rotating fan F, 
an adjustable shutter G at the discharge orifice, and an outlet chimney H. The casing E is a ring 
of brickwork 14 in. thick, about two-thirds of the circumference being a circle concentric with the 
fan, and the remaining portion eeeentric and with a larger radius, so as to enlarge the casing 
gradually towards the point of discharge. The upper portion of the arch springs from a cast-iron 
girder J. Fig. 2800. which extends across the opening into the chimney, ami is formed of a wedge- 
shaped section to connect the two lines of brickwork. The side of the chimney, which forms the 
continuation of the bottom of the casing, is carried up inclining outwards, thus gradually increasing 
the sectional ar<-a of passage up to the top ; the other three sides of the chimney being vertical. 
Figs. 2799, 2800. The sides of the fan-casing E are closed by vertical walls of brickwork 20 in. 
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thick : nn<l a circular opening G ft. 7 in. diameter in mode in the centre of one wide for admitting 
the air from the mine to tin* fan. This opening is connected by a drift L with the upcast shaft M ; 
the drift is 35$ oq. ft. in sectional area and 43 ft. long. 




The centre framing of the fan consists of two cast-iron octagonal centres 4 ft 7 in. diameter, 
which are keyed upon the main shaft made of wrought iron 7 in. diameter; anil on each of the 
eight sides of these costings is bolted a wrought-iron arm made of a flat bar 3$ in. by » in. ; these 
arms are bolted together where they cross one another, so as to form a strong and light frame. The 
eight vanes of the fan are made of li in. deal, bolted to angle-irons that are riveted upon the 
wrought-iron arms ; the vanes are each 4 ft. 9 in. wide and 5 ft. 7 in. long, giving an area of 2b sq. ft., 
and they work with 1 in. clearance at each edge from the side walls anil 2 in. clearance from the 
circumference. Each vane is inclined backwards through the inner half of its length at an angle 
of 45' from the radial direction ; and the outer half is curved forwards to the extent of 10 in. at 
the end. The inner ends of the vanes extend to 3 ft. 2 in. distance from the centre, the clear space 
in the centre being about } of the diameter of the fan. The outer end of the fan-shaft works in a 
carriage fixed upon a cast-iron girder N, which extends across the inlet opening in the side wall of 
the fail-casing E ; and the inner end of the shaft is carried upon the engine-bed, Figs. 2799 and 
2801. When tho fan is running at its usual working s|>ced of twenty-six revolutions a minute, the 
outer ends of the vanes move nt the speed of 1350 ft. a minute, but the speed of the engine-piston 
at the same time is only 70 ft. a minute. 

The adjustable sliding shutter G, Fig. 2800, nt the outlet side of the fan-casing, is made of 
lf-in. deal l»oards similar to those of the vanes of the fan, sliding in cast-iron grooves that are 
built into the side wnlls; these grooves are made to the same circle as the upper part of the fan- 
casing, with the same clearance from the tips of the vanes. The boards forming the sliding 
shutter are bolted to flexible strips of hoop iron, so as to allow of their freely following the curved 
gToovc ; and the shutter can la? raised or lowered as desired by means of a chain isissing over a 
pulley near tho top of the outlet chimney, with n balance-weight O, Fig. 2800, the upper end of 
the shutter sliding up within the chimney. This adjustable shutter is used in the varying condi- 
tions of the underground workings, for securing the most effective results from the fan by adjusting' 
from time to time the area of dischargi'-ojiening in oocordnnce with the quantity of air to lie dis- 
charged nt any time. The opening of the outlet chimney is 3 ft. 3 in. by 4 ft. 11 in. at tho bottom, 
and increases to G ft. by 4 ft. 1 1 in. at the top, giving an area of discharge of 29 * 4 sq. ft The total 
height of the chimney is 32 ft. from tlu* bottom of the fan. 

In applying the ventilating fan at the colliery, an arrangement had to lie made for covering the 
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top of the upeost shaft, in order to prevent the air from being drawn in by tho ventilator at the top 
of the shaft instead of from the workings below. There were two wavs of doing this; cither to 
enclose and cover a sufficient extent of ground round the shaft for allowing the tubs to bo changed 
within closed doors ; or to have a movable cover over the shaft, to be raised like the ordinary fence 
at the month of the shaft every time the cage ascended. The latter method was adopted as tho 
simplest and most convenient, and it has been found to answer every purpose. The movable cover 
of the shaft, os shown in Fig. 27911, consists of a rectangular wood BOX P, abotlt 6 ft. square nnd 
3 ft. 6 in. high, upon which is a pointed roof with a hole 8 in. nquare at the top for the winding 
rope to work through ; and this hole is covered with a loose sliding piece of wood, through which 
the rope works in a close-fitting hole, so that every timo the rope oscillates laterally this sliding 
piece moves freely with it in any direction, without uncovering the larger hole. The movable cover 
is connected to two balance-weights R by chains passing over pulleys fixed at the top of the con- 
ductors; and the cage every time it reaches the top of the shaft raises the cover, as shown by the 
dotted lines in Fig. 2799, the strain being relieved from tho winding rope by tho l>alance-weighta, 
so that the cover os now balanced is not so heavy on tho rope as the ordinary feuce at the other 
shaft. 

The course of the current of air in tho workings of the colliery is shown by the arrows on tho 
plans. Figs. 2793, 2794. The current (tosses from the downcast shaft to the first split at a depth of 
165 yds., where the greater portion passes along the gate mads for a distance of 810 yds. in the 
upper workings, returning by tho gate roads and air-heud for 500 yds. distance to the upcast shaft. 
The remaining portion of the in-going air descends to the second split at a depth of 202 yds., 
and (losses along the gate mads 530 yds. to the lower workings, returning by the gate roads ami 
jockey-pit and air-head, 710 yds. distance to the upcast shaft. Here it joins the return air from 
the first split ; and the whole quantity of air passes into the ventilating fan through the inclined 
drift L, Fig. 2799, of 43 ft. length, which goes off from tho upcast shaft at 0 ft. depth below the 
surface. 

The fan is kept running in ordinary working at abont twenty-six revolutions a minute, at which 
speed 13,000 cub. ft. of air a minute puss into the ventilator w ith a vacuum of 0* 15 in. water-gauge. 
This supply of air is found to keep the workings well ventilated, their average temperature being 
only 54-, and only GO in the hottest portion of the workings even when the temperature was 75° at 
the top of the downcast shaft on the hottest day observed. The fan can be got up to full sjteed from 
standing, in only about one minute's time. At the speed of sixty-five revolutions a minute, 
37,500 cub. ft of air a minute pass into the ventilator, with a vacuum of 1 -02 in. water-gauge; and 
at the extreme speed of ninety-six revolutions a minute, 51,700 cub. ft. a minute pass into the 
vcutilator, with a vacuum of 1*75 in. water-gauge. 

When the ventilator is standing still with the adjusting shutter wide open, about 9130 cub. ft. 
of air a minute pass through it from the natural current of ventilation due to the heat of the work- 
ings. When the ventilator is stopped after running at twenty-six revolutions a minute, and deliver- 
ing 13,600 cub. ft. of air a minute, the quantity of air passing through it in the sixth minute after 
stopping is 4260 cub. ft, and in the sixteenth minute 4080 cub. ft., the adjusting shutter in this 
ease being only half open. When it is stopped after ninniug at sixty-five revolutions a minute, and 
delivering 37,500 cub. ft. a minute, the air passing through it in tho sixth minute afterwards is 
4790 cub. ft., and in the sixteenth minute 4400 cub. ft., tho shutter being half open. 

The lifting of the cover at the top of the upcast shaft, and the passage of the catjes in the two 
shafts, affect the vacuum in the fan drift in the following manner, as shown by the t e<tter-yangc 
placed about midway in tho drift, when the fan is running at about sixty-five revolutions a 
minute. 



Cover open and cage empty 

Cover closed and cage standing still 

Cover closed and cage beginning to descend in upcast shaft 

Roth cages half-way in the two shafts 

Cage reaches bottom of upcast shaft 

Cage ascending in upcast shaft 

Roth cages half-way 

Cage at top of upcast sluift and empty, and cover open as at first 



Wster-Gsage. 
0‘ 95 in. 
110 „ 
1-25 „ 
1*45 „ 
1*15 ,, 
1*05 n 
1 00 „ 

0 95 „ 



Whilst the cover is open at the top of the u|Kiist shaft during the changing of the tubs, ft of 
the total quantity x>f air passing into the ventilator is drawn in direct from the surface through 
the open top of the shaft, occasioning a momentary loss of that amount in the ventilation of the 
workings. This occurs about once every minute when the pit is in full work, and the cover 
remains open for about six seconds each time, or ft of the whole time of working. The total 
loss of air from the uncovering of the pit top amounts consequently to less than ft of the whole 
work of the ventilating fan. 

One object in the design of the Guibal ventilating fan is to discharge the air into the atmo- 
sphere with as low a final velocity as possible ; because whatever excess of velocity there is in the 
discharged air beyond the velocity of the ascending current in the shaft is an alksolutc waste of 
power. The ascent of air in the shaft at the llomer Hill Colliery being 13,600 cub. ft. a minute 
with the ventilator running at twenty-six revolutions a minute, and the sectional area of the shaft 
being 44*2 sq. ft, the velocity of the current of air in the shaft is about 300 lineal ft. a minute. 
The velocity of the air in rotation at the circumference of the fan at the above speed of twenty-six 
revolutions a minute is 1350 ft. a minute, or 4J times the velocity of the ascending current in 
the shaft ; but the area of the orifice of the outlet chimney being 29*5 sq. ft., the air cannot have 
a greater velocity at its exit, if it fills the outlet chimney, than 460 ft. a minute, or only 1J times 
the velocity of the current in the shaft. The surplus moving power in the quicker moving air 
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at the extremities of the fan arm* is therefore restored by the retarding of the current at the 
outlet, instead of being lost, as would have been the case if the fan had discharged direct into the 
air round its whole circumference. 

Another object in this ventilator is to obtain the maximum useful effect of the fan under each 
of tho varying circumstances under which it has to work in order to meet the requirements of the 
mine ventilation : because tho fan can only work to tho best advantage with the exact area of 
discharge opening that is suited to the quantity of air to be discharged in each case, and tho 
resisting pressure at that particular time. If tho discharge opening is too large, a bock current 
into the fan from tho upper part of the discharge opening is produced, causing a waste of power 
by putting useless air into motion ; nnd if. on the other hand, the discharge opening is too small, 
an unnecessary resistance to tho discharge of tho air is produced, with a consequent waste of 
power. 

The following case that occurred at the Homer Hill Colliery will illustrate the facility with 
which the ventilator can bo immediately adapted to any alteration in the requirements of tho 
ventilation. A length of about 70 yds. of gate mad having been cut off from the course of venti- 
lation. it soon became filled with gas; anil in order to remove the accumulation of gas. and allow 
the men to enter this |H>rtion of the workings, a dam sheet was put across the in-going airway, 
just beyond the entrance to the gato road that hud to be cleared of gas, thereby partially stopping 
the passage of tho air-current; and an air-pipe was carried from the entrance of tho gate road 
through a fixed dam into the return air-passage. The ventilator was then set running at double 
speed, about sixty revolutions a minute, thus maintaining the ordinary ventilation of tho pit by 
drawing the same quantity of air past the sides nnd bottom of the dam sheet as hail previously, 
with the ordinary speed of twenty-six revolutions a minute, been passing through the unobstructed 
airway before the aam sheet was put up. The remaining portion of the air being forced into tho 
gate road that was charged with gas, began immediately to drive the gas forward through the 
air-pipe, and the gas was cleared from the gate mail as fast as the air-pipo could bo extended 
along it from the entrance by laying down additional lengths of pipe ; the whole of the accumula- 
tion of gas whs thus cleared out in the course of a few minutes throughout the entire distance, 
without interfering with the regular ventilation of the pit. 

In tho use of the ventilating fan, as the ventilation of the pit is dependent upon tho continuous 
working of a piece of machinery, it has been contemplated to provide by the erection of a duplicate 
engine and fan against any accident happening to the mticninery; but the construction of the 
engine nnd fan is so simple and durable, nnd the wear and tear so slight in consequence of the 
very moderate H|M-cd of working, that no such provision of duplicates has yet been made in any 
instance ; and in tho writer’s opinion it is only in the case of a fiery mine that any such provision 
will really be required. The liability of the ventilator to get out of order is exceedingly small ; 
and no accidents of any consequence to the maintenance of tho ventilation have yet occurred with 
any of the fourteen ventilators now (18611) at work at different mines, some of which are as largo 
as 30 ft. diameter and 10 ft. width, and ca|table of delivering 100,000 cub. ft. of air per minute with 
a vacuum of 3 in. column of water. 

At Felton Colliery, in Durham, where one of the Gtiibel ventilators has replaced a ventilating 
furnace, the following is the comparison of the two modes of ventilation. The depth is 180 yd*., 
and with the furnace the average temperature was 235° iti the upcast shaft, tho quantity of air 
circulated 48,000 cub. ft. per minute, and the vacuum 0-9 in. water-gauge; and the consumption 
of coals was 90 tons per fortnight. With the fan the consumption was GO tons per fortnight, with 
nearly double the quantity of air supplied, or 82,370 cub. ft. per minute, and a vacuum more than 
double, or 2’ 15 in. icatfr-i/awjf. In order to obtain such an inrrinaod volume of air with the fumaco 
ventilation, so high a totnjurature would have been required in the upcast shaft as probably to be 
impracticable; and the consumption of coals would have been increased to about 290 ton* a fort- 
night, instead of tho GO tons consumed by tho fan for the same work. 

Thus where the fan ha* replaced the furnace, it has been proved by actual comporison that 
tho economy of coal resulting from the change is very great. If, indeed, fuel were the only con- 
sideration. there would no doubt be a certain depth of shaft, combined with other conditions, at 
which a given quantity of cool could be burnt in a furnace so as to produce n current of ventilation 
equal to that produced by the consumption of the same quantity of coal in raising steam for 
working a ventilating fan. 8uch a depth, however, could not bo less than 400 yds., and would 
involve an extraordinary high temperature in the upcast shaft with the furnace ventilation. Tho 
presence of cast-iron tubbing in the u]icast shaft, even though protected with fire-brick, and also of 
pump or steam pipe*, i* a very serious objection to tho adoption of a furnace ; and when the upcast 
shaft is a working shaft, the wear and tear becomes very great, and the heat and smoke from the 
furnace render the shaft almost useless for men to work in. In tho ease of the Homer Hill 
Colliery it is estimated by Swindell that to produce a current of 45,000 cub. ft. a minute, with a 
vacuum of 1 in. water-gauge, an average temperature of about 150 3 would lie required in tho 
upcast shaft if a furnace were employed. 

With respect to the ventilator of (tuihal, the following comparison* were made by W. Cochrane, 
and printed in the Transactions of the North of England I. M. E., 1865 ; — 

The ventilator employed by Cochrane is illustrated in detail by Figs. 2802 to 2807. This fan 
also consist* of eight vanes, each of which is formed of l}-in. oak deeding, secured by bnlta to a 
pair of bars and angle-iron*, which are bolted to two cast-iron octagonal bosses keyed on tho main 
shaft. These bars being carried past the bos* and interlaced, as shown in the accompanying 
drawing, form a very firm structure, at the same time simple and inexpensive, admitting of a 
speed of as much a* one hundred nnd fifty or two hundred revolutions a minute, without any 
danger. This ia an important improvement in construction ; which improvement will be seen 
from Atkinson’s pajicr upon the Elsecar Fan, of which wc shall speak presently. 
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The outside diameter of the vnnes is 23 ft., the width 6 ft. 6} ln„ and eaeh vano extends about 
8 ft. into the interior of the fan, being inclined at an angle of sisty-iften and a half deyrte* to a 
radial line through the apex of the octagonal boss. 

The main shaft is driven by a vertical direct-acting engine, with cylinder 23| in. internal 
diameter, and 19±^ in. stroke, worked at high pressure. 

A wall is built on each side of the fan, giving abont 1 in. clearance to the side of the vanes. 
Outside of one wall the engine is fixed, and in the other an inlet orifice of proper size is left, such 
inlet being connected with the upcast shaft. An arch is carried over the fan. giving about 2 in. 
clearance to the vanes, and in continuation of this arch an invert to a point about one-eighth of 
the circumference l>elow the centre line, at which point the 2 in. clearance is increased gradually, 
expanding the lower curve of the casing till it ends in the sloping side of a chimney formed be- 
tween the continuation of the sido walls of the fan-erection ; see Fig. 2802. A sliding shutter is 
fitted iuto cast-iron grooved rails for about one-fifth of the circumference, which enables the con- 
centric circle of the top arch to Iks completed nearly round the fan — that is, giving the 2 in. clear- 
ance to the vanes. This shutter is worked by a chain passing over theacet at the top of the 
chimney and to the outside. For convenience, a manhole-door is left at the foot of the sloping 
side of the chimney. 

The fan being set in motion, the air is drawn through the inlet from the mine, and dis- 
charged below the shutter into the chimney, from the top of which it is seen to issue at no great 
velocity. 

The theory and practice of exliausting fans having hitherto been, that there should exist a 
free discharge all round the circumference, this is the first application to mining ventilntion of an 
exhaustiog fan which is covered in as described, and in the complete arrangement of which are 
found the requisite correctives of such a covering, which, without them, would still offer only a very 
ineffective machine. By the covering, the opposing action of winds is prevented, which is a serious 
chock to fans discharging all round the periphery ; but the object of chief importance is to prevent 
the communication of motion by the revolving vanes to the surrounding exterior air, and the for- 
mation of currents, which, in An open-running fan, creep along the sides and vanes from the 
exterior air to supply the fiartial vacuum caused in the interior by the revolution of the fan ; 
the demonstration of theso facts was well seen in an open-running fan at tho Tursdale Colliery, 
county of Durham. A sensible diminution of the ventilating current was perceivad in this fan, 
with a wind from the N. or 8., the direction in which the fan discharged ; in one instance, with a 
high south wind, reducing the air-current one-third of its usual quantity with a calm atmosphere. 
The air-currents from the exterior at all times could lie distinctly seen entering the fan by tho 
drawing in with them of the exhaust steam, which was at that time allowed to discharge from tho 
flan engine at the level of the top of the fan. In consequence of timbal's system being thoroughly 
and satisfactorily tested in Belgium, it was resolved to adopt the covering and chimney to the 
Tursdale fan, which was done, but only temporarily in wood, the joints being made as nearly air- 
tight as possible in the covering, but not in the chimney. The improvement will be seen on com- 
paring the following results ; — 





Revolutions 


Cubic Feet of 


! Water- 


Steam ■Pitmutc 


Coal consumed 




• minute. 


Air i minute. 


Gauge. 


at Cylinder. 


1 in 24 boura. 


Open running — May, 1862 .. i 


50 


22,170 


, -55 


25 11m. 


5 tons. 


Covered in — October, 1862 .. 


50 


32,930 


•90 


25 lbs. 


4 tons. 



while the power utilized was found to be incrcasod from 12 ’69 per cent, when open running, to 26 *3 
per cent, when adapted as above dflKlibod. 

Thus a heavy low by tho entry of exterior air into the open-running fan is evident. On tho 
other hand, with tho casing and other Appliances of the (Juibal system, the sjmee outside the 
vanes, that is between their extremities ana tho inside of the casing, presents an aid to tho venti- 
lating power, instead of a source of loss. Contrary to what might l»o expected, and contrary to 
theory (for tho air ia thrown off the extremities of the vanes against the cosing), a partial vacuum 
is found in this space, tho amount of which, at various speeds, will be seen from the annexed 
tabulated results of experiments. But the covering in of the fan alone would produce the following 
disadvantages : — it would check the free discharge of the air, and would communicate to it a high 
velocity — hence the adaptation of the other parts, namely ; — 

The shutter and chimney, which are the other new elements in this system. By means of the 
shutter enlarging or diminishing the outlet, the volume of air drawn by the fan can be so regulated 
ns to suit the special requirement* of the mine, and produce the greatest economical effect. By no 
known theory can the quantity of air be determined which such a ventilating machine will draw 
from any particular mine ; hence the necessity of experimental trials to determine the best size of 
outlet and tho easy means employed for this purpose. If tho outlet be too large, air will be drawn 
back into the fan, os is the case with open-running faus, and in this also if the shutter is imper- 
fectly adjusted. If the outlet be too small, tho air cannot get quickly enough awny. In either 
case, economical effect is lost ; and os tho circumstances of a mine are never long the same, it 
seems evident that a machine incapable of such an adjustment must lie defective. 

The following experiment upon tho Klswick Fan to fix the position of the shutter shows tho 
results above mentioned. 

filing the lowest position of the shutter zero, and the highest I, the intermediate positions 
will be expressed fractionally ; — 
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No. of Revolu- 
tion* a minute. 


Water-CJauar 
rvar Inlet. 


Position of 
Shutter. 


Remarks. 


a 


55 


1 • 150 


1 


) 


b 


GO 


*350 


0 


I Steam-pressure 32 lbs. constant, 


c 


55 


•800 


i 


{ and valve not altered. 


d 


52 


1010 


1 


I 








i 

t 


j Steam increased in quantity to get 


/ 


52 


1085 


\ 55 revolutions. 

Steam ns at e. 


9 


55 


1180 


1 


I Steam increased in quantity to get 
\ 55 revolutions. 



The position of J was fixed ns the best for these conditions. 

The chimney contributes also greatly to the useful effect, being shaped for this special object 
— the sectional area increasing upwards. This enables the air which is discharged under the 
shutter at a high velocity to expand, and, spending its force in the chimney, to pass out at a very 
low velocity, thus benefiting the ventilating power to the extent of this difference. It is true 
that the high velocity of discharge absorbs a corresponding amount of the (tower applied to the 
fan, but the attainment of the partial vacuum in the interior of the fan, due to the centrifugal 
force of the vanes in the first instance, must impart to the discharged air their velocity, and it is 
to restore some portion of this power and make it useful for the ventilating effect that the chimney 
is arranged. From the following Table of results the depression of the water-gauge will be noticed 
in the positions, Noe. 3, 4, 5, and 7, the three first being fixed into the space between the vanes 
and interior of the casing, No. 7 being near the foot of the chimney. 




l 


20 


1 


J 1 J 

2-59 1-99 -SO 251 


ft. a nilii. 
324-8 


24,123 -200 -76 2934 


3S-2 


•200 *125 


•100 


•054* -025 0-00 


003 








9-94 8-37 1**7 45U- 


618-2 


3-< ,4»7 -C.4HI 3 64 36 62 


43-6 


•600 - 550 


•250 


•125 -HMI0-25 


)■ 15 


3 


38 


i 


10-02 8'MI 1-21 467 5 


637- 


39, xh;| *660 3-45 34 -43 


39-1 


•550 - 500 


•200 


•075 -100 -25 


•125 


4 


39 




»-72 7-H0 1*92 425- 


491-5 


36.504 -5481 2-88 29-63 


37-0 


•500 -450 


•150 


•025 - 05*' -25 


135 


6 


39 


* 


g-21 S’ 84 1-36 337-5 


399 1 


29.641 -2541 1-17 14 26 


171 


•250 -1(81 


+ "376 


+ -5OO+-20U 035 


•250 


« 


41 




7-63 6*00 1-63 256 25 


316- 


23,469 -1041 -37 4-15 


6-2 


•1«KI -IM8I 


+ -44NK 


+ •475 + -150 025 


•4165 


7 


55 




23-84 20-94 2-90 672-5 


759-1 


66,378 1-200 10-66 44-71 


50-9 


1-200 1-104 


•448* 


•275 -300 -05 


•200 


s 


55 






767-4 


66.9^5 Not rtwnlcil. 


.. 


.. 







9 


57* 


1 


235319-73 3-80 7225 


813-8 


60,441 1-400 13-33 52-40 


67-56 


1-400 1-3541 


•500 


•325 - 350 - 4*5 


•310 


10 


87 




69-96 51-16 11-80 103u- 


1151-8 


85.544 2-550 34-37 49*13 


6910 


2-550 2-500 


1-00 


•650 -675 -10 


1-200 


11 


94 


‘ 


.. buitadiostal. 1266-6 


1413* 


104,9433-150 62-09; .. 

1 1 




3- 150 3-300 1-150 


'900 -800 -126 

1 


1-300 



Note.— E xcrpt where + sign Is atiac-bo). the waU-r -gauges are all depreaakxu. 



Figs. 2808, 2809, indicate the positions of the water-gauges. 




ventilator; r in other cases is > 1 rarely = *75. 
A 



The cause of this is assignable to the pro- 
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volition of the return of air-currants into the fun, and the utilization of a jmrt of the power carried 
off by the discharged air. 

In the Klswick experiments the value nf A* being computed from the formula 



c* 12 

A 1 = , • • - inches of water column, 
2 <7 815 



where r = velocity of the extremity of the vanes in feet per second, the following results arise, 
though the shutter was not varied in each case, as it ought to be, to produce the best results; — 



No. of Revolution! 
a minute. 


Indicated 

1 Watrr42*U|c« (*). 


Theoretical 
Wstfr-Otupt (*')■ 


h 

*•' 




40 


•600 


•530 


1 - 13 




50 


•925 


•830 


111 




GO 


1-300 


1 191 


1-09 




70 


1*875 


1*625 


115 





The relation ~ is generally 1*25, and it has been proved by BL Guibal as great as 1*60 in the 



case of a small volume of air, and the shutter nearly at its lowest. The value of if calculated 

from observations taken in various positions of the shutter, no alteration being made in the pres- 
sure of steam, nor in the opening of the regulator-valve, and multiplied by the number of revolu- 
tions in each case, say R ^ , is an indication of the best position of the shutter when such product 

kr 

gives the highest result, for it shows tliat the minimum resistance is offered to the fan at the same 
time tliat a maximum water-gauge is obtained. 

It is upon this principle that the position of the shutter can be experimentally tried, for the 
production of the l>e»t economical effect. 

The consumption of coals at one boiler, arranged to work this fan, was for twenty-four hour# 
taken over a fortnight, 2 tons 1G cwt., the avemgo spwd of the fan being forty revolutions a 
minute, day and night. This is found to yield sufficient air for the present workings, the quantity 
passing through the mine being nearly 40,000 cub. ft. a minute. The indicated steam-pressure at 
tho boiler is 85 lbs. to the square inch, the water-gauge ut bank near the inlet is -70 in., and under- 
ground *70 in. (at higher speeds there is a greater depression at bank than underground) the seam 
being very low, the return air-courses are of small area, and the upcast is a 11-ft. diameter shaft, 
used for ventilation only. No engincnuin is required, one of the firemen being instructed to attend 
to the requisite oiling of the bearings. In some cases the pumping engine-man might take the 
engine in charge ; the simple arrangement of all the parts offers the least possible risk of any of 
them getting out of order. 

In order to test the capabilities of the ventilator, the experiments above tabulated were made ; 
and it will lie seen, from tno calculated useful effect, how much superior are the results obtained to 
those of previous machines. 

We add an account of the performance of the ventilating fan at tho Hemingfield Tits of the 
Klsecar Colliery, by J. J. Atkinson. 

In connection with the workings or mine ventilated by this fan, at the Hemingfield FitB, there 
are two downcast shafts, each 4G8 ft. in depth. One of these is used as a winding sliuft, and is 
elliptical in section, its transverse diameter being 10 ft., and its conjugate diameter 9 ft. ; the other 
downcast shaft is circular in section, and 10 ft. in diameter, but has three lifts of pumps in it ; 
being the engine-pit 

There are also two upcast shafts, employed exclusively for ventilation ; they are both circular 
in section, tho one being 0 ft., and tho other 7 ft. in diameter. These two shafts are, near the 
surface, brought into one, which opens into the central jiart of one side of tho fan. 

The downcast shafts are situated at a distance of about 530 yds. to the dip (of the strata) from 
the upcast shafts ; the dip being about 1 in 11, or 3} in. a yard. 

The workings ventilated by the fan extend about 72G yds. in one direction, aud 770 yds. in the 
other, on the level course of tho strata, and embrace about 13G acres. 

Description of the Fan. — Diameter, outside of the extremities of the vanes, 22 ft. 8 in. ; diameter, 
outside of the rim, 22 ft. Tho extremities of the vanes project 10 in. beyond the rim of the fan. 
Diameter of the fan, on the inside of the rim, 16 ft. 10 in. ; width of the vanes, 5 ft.; depth of the 
same, 3 ft. 

The vanes are stated to be fixed so as to form an angle of 45° with a line drawn to them from 
the centre of the fan. This particular angle, it was stated, had been found to givo the best results, 
by special experiments made for the purpose of finding the best angle for the vanes. 

There are twenty-six vanes in the fan, and it has seven arms, to which the rim is attached. 

The vanes arc not curved, but quite straight. 

Description of the Kmjine.— The fan is driven by a steam-engine, having a vertical cylinder, and 
a connecting-rod attached to a crank at the extremity of the main shaft of the fan, so that the fan 
makes a revolution for each double stroke of the engine. 

The engine cylinder is 22 in. in diameter. 

The length of the stroke of tho engine is also 22 in. 
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Tho engine in worked by means of three boilers (cylindrical, with hemispherical ends, and 

fc ving wheel flues), each of which is 30 ft. long, over all, and 5 ft. in diameter. All tho three 
ilers were at work when the ex- 

perimoota ware made the 3rd w, °* 

of October; but it was stated that 
two of these boilers were ordina- 
rily sufficient to supply steam for 
driving the fan. 

Tho pressure of the steam 
during the experiments was 43 lbs. 
the square inch ; but 40 lbs. a 
square inch was stated to l»e tho 
ordinary working pressure, that is, 
the pressure on the boiler*. 

The average quantity of air 
circulating in the mine, under tho 
ordinary working of tho fan, was 
stated to bo 88,000 cub. ft. a 
minute, with a water-gauge of 0 5 
to 0*0 in. at the fan, which in- 
cludes the shaft resistances. 

The average uumW of strokes 
of tho engine, during the ordinary 
working of the fan, was stated to 
be sixty a minute, and the coals 
consumed 6| tons in twenty-four 
hours, or 10^ lbs. a minute. Near 
to the principal fan an auxiliary 
fan is erected, to 1 k> employed only 
in the event of tho larger fan being 
stopped for repairs, or from any 
other cause. 

This small fan has an outside 
diameter of only 14 ft. 

Fig. 2810 is a side elevation, and 
Fig. 2811 a front view of the fan at 
Simon wood. 

The air was only admitted on ono 
side of tho fan at the Hemingflcld Pit ; 
but there is a fan of a similar descrip- 
tion at tho Simon wood Pit of tho 
Elsccar Colliery, having two air-inlets, 
one on each side, by means of external 
iron casings, which render it somewhat 
more costly. 

The following is an account of tho 
experiments and observations made on 
the 3rd October, 1861 ; — 

Top. 

Temperatures of the) -. 0 
downcast shafts / 0-1 
Temperatures of the) 
upcast shafts ** 



Bottom. 



C0JO 




Tho air might be considered as 
being saturated with vapour at tho 
surface, and alao in the returns, there 
being a difference of only half a degree 
between tho wet and dry bulbs of tho 
hygrometer. 

There are five senamte return air- 
ways leading into the bottoms of tho two 
upcast shafts, the dimensions of which 
are given on next page, as taken at the 
points where the air was measured. 

It was intended to have made an 
experiment with the fan working at 
seventy revolutions a minute, but owing 
to some slight defect in tho fan, this 
velocity could only be maintained for 
a very abort time, without endangering 
its breakage ; there was consequently 
only sufficient time to observe tho water-gauge to bo 0 9 in., at this high velocity. 

About sixty revolutions a minute appeared to be the highest spcod at which 
worked with safety. 



the fan could bo 

5 A 
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Dimensions and Aren* of the Five Return Air-ways, at the parts 












where tbe Currents of Air were measured 




• 










No. 1 . 


No, 2. 


No. 3. 


No. 


No. 6. 












ft. In. ft in. ft. In. ft in. 


IL in. ft In. 


ft iu. ft. in. ft In. ft. in. 




I timenslons of the return* . . . 




8 6 by 5 8 


8 2 by & 10 


6 6 by 5 6 


8 9 by 5 11 


9 5 by 6 1 












sq.ft 


sq. ft 


XI- ft. 


sq. ft. 


sq. ft 












47*64 


35 29 


51*77 


57*29 , 
























t Formal* applvlnE to the anemometer*. 


The currents of air in No*. 1. 2 . and 3 


The currents of air in 




No. XIV. V = R + 49-32. 




return* were measured with No. XIV. 


Nos. 4 and 6 air-wav* 




< No. XV. V = 103113. 


K + 27-5. 


anemometer. 




were measured by No. 




I Where V = velocity of air. ant 


R = 








XV. anemometer. 




\ revolutions of anemometer a minute. 














SixiX 






l>TO- 
























































G*it*it. min at* 












( Revolutions of awv 
( niometer a minute. 


1 


Natural ventilation 


0-00 


0*00 


35 


0 


M 


40 


0 










84*32 


40« 


100*32 


68*75 


20* 






Cub. ft of air a min. 




,, 


4,022 


1 , 908 4 


3,540 


3,559 


1 , 145* 


f Cubic feet a minute, 


2 


Kan working . . .. 


0*8 


so 


132 


350 


3*2 


350 


300 


i Revolution* of ane- 
( mometer a minute. 




Velocities of wind . 






1*1-32 


339*32 


431*32 


388*4 


336*84 






Cub. ft. of air a win. 






8,649 


19,023 


15,221 


20,107 


19,294 


( *2.294 cubic feet of 
) air a minute. 


3 


Fan worktnp . . . . 


0*7 


CO 


85 


320 


310 


330 


295 












134*32 


369*32 


359*32 


367 *7T 


331*69 






Cub. ft of air a min. 


•• 




6,407 


17,594 


12,680 


19,039 


18,998 


1 74.718 cubic feet of 
f air a minute. 



No. 2 experiment vu made Immediately tin* pit Kioppxi working; and No. 3, not uutll a few bourn after It bad stopped. 
Tbe quantities marked • are only estimated, »a the hm mvnutert did not move with Ute currents. 



After this, with the view of ascertaining the amount of water-gauge which the fan was capable 
of overcoming, the top of Die upcast (alx*ve where the two shafts were confined to a single channel) 
was contracted by means of a jKiir of folding-doors, and the following experiments were mode ; — 



No. of Expt*. Inch. 

4. — In the ordinary working of the fan, at sixty revolutions a minute, with the 

top of the upcast open, the water-gauge was observed to Ixs O' 6 

5; — With the fan making sixty revolutions a minute, and one-half of the top of 
the upcast doted, by means of one of the folding-doors, the water-gaugo 

was still about O'G 

G. — With the fan making sixty revolutions a minute, and one of the folding- 
doors closed, and the other at an angle of 4. r >°, or half closed, the water- 
gauge was .. .. 0*7 

7. — With the fan making sixty revolutions a minute, while the ventilation of the 

mine was entirely suspended by closing off the top of the upcast by means 
of the two folding-doors, the water-gauge was only 0*8 

8. — In a previous trial, with the shafts all open, and the fan making seventy 

revolutions a minute, during a very short time, the water-gauge was 
observed, as already stated, at 0*9 



The ventilating pressure arising from the air in the ascending parts of its mute being of less 
density than that in the descending parts (owing to an increase of temi>ornture, or of the quantity 
of vnj>our in the air), is not only generated, but also expeuded, in the mine, on overcoming tho 
resistances offered by the shafts and air-ways of the mine, and consequently does not operate upon 
or influence a water-gauge connecting the outer atmosphere witli the fan at the top of the upcast 
shaft — the ploce where the water-gauge was ascertained — so that this pressure, which gives rise to 
the natural ventilation, is not shown by the water-gauge, although, in all the experiments, it is ft 
force operating in conjunction with the additional force created by the fan ; tbe actual power 
given out by the fan is simply that which is duo to the pressure created by it, and is indicated by 
tho water-gauge, taken in connection with the actual quantity of air observed to bo circulating at 
tbe time. 

The remaining, or natural, pressure, not shown by the water-gauge, but arising from tho tem- 
perature and vapour rendering the air of less density in the ascending than in the descending 
jw»rts of its route, may bo regarded ns being sensibly constant ; and, although not shown by a 
water-gauge placed at tho fan, near the top of the upcast shaft, ow ing to its being expended Ixf'ore 
reaching that poii t, would operate equally in favour or aid of a furnace or of anv other ventilating 
power that might lx; employed at the same mine, in lieu of the fan, and ought, therefore, to be 
neglected in calculating the power due to the fan. 

Neglecting, therefore, this source of natural ventilation, the real power given out by the fan, 
and utilized in the production of ventilation, is, by No. 3 experiment — 



74718 x 0*7 x 5*2 
83000 



= 8*24 horse-power, 



where 5*2 is taken as the pressure in lbs. tho square foot, due to 1 in. of water-column. 
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By No. 2 experiment, on the samo principle**, the fan gives out, as utilized, 

82294 X 0-8 X 5-2 . 

33000 = , °' 374 ho «>-po*“- 

Now, if wo presume that, at tho time of making the second experiment, just alluded to, tho 
boiler Area were consuming the ordinary working quantity of 6} tons of coala in twenty-four hours, 

or 600) lbs. an honr, wo havo a consumption of 2 ^~^ iq 374 = 18 lbs. a horse-power, actually 

utilized, in an hour. 

In cases where furnaces aro employed to preduco ventilation, the consumption of coals a horse- 
power really utilized in tho production of ventilation varies to a great extent, under different con- 
ditions os to depth and sizes of shafts, and of air-ways, and as to the relative state of dryness or 
dampness of the walls or brattice of the shnfta ; being in some instances much greater, and in 
others materially less, than tho amount just stated as being due to the fan, in this instance. 

The following account of the consumption of ceals a horse-power utilized each hour by different 
ventilating furnaces, in use in different collieries, is extracted from ]»go 143 of vol. vi. of tho 
Transactions of tho Institution of M. E. ; — 



No. | 


Name* of Collieries. 


Depth of 
Upcast Column 
In lineal feet 


Coals consumed 
per Horse-power i 
utilized per hour, i 


1 i 


Thornley Five Quarter Seam 


556 


lbs. 

85*4 


2 


Thomley Button Seam 


868 


102*4 


3 


Walker 


900 


30-5 


4 


Castle Eden 


1038 


291 


5 


South Hotton 


1212 


27*2 


6 


Wearmouth .. .. 


1800 


29-5 




Averages .. 


1072) 

* 


60*7 j 



It may, however, be remarked that a furnace would have opera ted under very disadvantageous 
circumstances with au upcast Bhaft like tliat of the Hemingfield Pit at Elsecar Colliery, owing to 
its being no more than 300 ft., or GO fathoms, in depth. 

Under such a condition, in older to have got the same amount of water-gauge, and consequently 
the same amount of air as was yielded by the fan in No. 3 experiment— the pressure indicated by 
the water-gauge being superimposed upon the naturally existing ventilating pressure — an average 
upcast temperature of 152*8° would have been required, as will appear from the following 
considerations. 

The head of air-column, taken at 54- and 30 in. of mercury, due to the natural difference 
between the temperature of the air in the downcast and that of the air in the upcast shafts, taken 

00*5 54 

at 54° and 00)° respectively, would be v ftQ , s , X 300 = 4*5 ft. 

x 00 * D 



But since the temperature of 60*5° was that of the return air as it reached tho bottom of the 
upcasts, and since there would be a little cooling from the expansion of the air as it ascended 
the upcast shaft, it is probabio that tho average temperature of the upcast column was slightly less 
than 00*5°, and in order to allow for this, in lieu of taking 4*5 ft., only 4*10 ft. of air-column will 
be assumed as tho ventilating pressure arising from the natural difference of the temperatures 
prevailing in the downcast atul upcast sliafts respectively. 

But, taking the weight of a cubic foot of air, antumttxl with vapour at 54°, and under a pressure 
of 30 in. of mercury, at *07704 lb., there would be required, to give a pressure equal to that repre- 
sented by 0 * 8 in. of water-column, a further column uf such air and vapour of 
•8 x 5*193) „ . . . . . 

— * 07704 1 = 54 ft * m hci 8 ht * 



Making a total height of such air-column (including that due to natural causes) of 54 + 4 • 16 = 
58*10 ft., and tho average prevailing temperature, required in the upcast shaft, in order to give 
, 459 H -f dt 

such a pressure, will be found from tho formula T = — - — = — • 

a — it 

Where T = the average temperature of the upcast column. 

H = the height, in feet, of air-column, arising from tho difference of shaft tempera- 
tures = 58*10 ft. 

d — the depth of the upcast shaft = 3G0 ft. 

t = the temperature of the downcast shaft, and of the air-column II, or 54°. 

„ , _ 459 x 58*10 + 300 x 54 ^ , ... 

From whence T = — — — = 152*8°, as above stated. 

300 - 58*16 ’ 

But, taking the temperature of tho return air at 60*5°, and the barometer at 30 in. of mercury 
(the return air being saturated with vapour), we havo 

30*000 in. of mercury os the barometrical pressure, 
and 0*527 „ „ as tho tension of the vapour ; leaving 



29*473 „ „ as the tension of the air. 

5 a 2 
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Now the weight of a cubic foot of nir, nt GO'S^, and under 29* -1 73 in. of mercury, is 



1-82529 x 29-473 
4.79 + 605° 



■07519 lb. 



The weight of a cubic foot of vapour of water, at the same temperature, and under a tension or 
*07519 x "527 

pressure of 0-527 in. of mercury, is 29‘4" 3 X ~ -000833 lb. 

And taking the capacity of writer, for heat, at unity, that of air and vapour of water, tinder a 
constant pressure, are -238* and "475° respectively ; so that the capacity for heat, of the returns, 
passing over the furruice each minute, is equivalent to that of 

■07519 x 82294 X "238 = 1472 67 lbs. of water, 
and 000833 X 82294 x 475 = 32*56 „ „ 



or, together, to 1505*23 



And admitting that bo much of each pound of coal, applied to the furnace, as is actnnlly burnt, 
yields 13,000 calories or units of heat, the coals required to elevate the temperature of 82,294 cub. ft. 
of such saturated air from C0‘5 a to 152 -8°, or through the difference of (152*8 — 60*5 =) 92*3°, 



would be 



1505-23 x 92 3° 
13000 



10-687 lbs. 



So that, if even there was no loss of temperature by cooling in the furnace drift and upcast 
shafts, this would lie the necessary consumption of coal l>y a furnace, to do tho same work as the 
fan, if employed to supersede it, in the ventilation of the llcmingfield Pit at Klsecar Colliery. 

But if wo* presume that one-third of the heat given out by the furnace had been lost by cooling, 
when the air reached that part of tho upcast shaft at which tho average temperature prevailed, 
then the consumption of coals by a furnace, to have given a ventilation of 82,294 cub. ft. 
of air a minute, at a pressure of -8 in. of water-gauge (in addition to the natural ventilating 
pressure), would in this particular case have been 1J X 10-687 = 16*0305 lbs. a minute, or 



1G 0305 x GO X 24 
2240 



= 10*35 tons 19 twenty-four hours, in lieu of only G-5 tons, used in driving tho 



fan, to produce tho same amount of ventilation. 

This last result gives for a furnace, in so shallow a shaft, a consumption of 92*71 lbs. of coal 
a horse-power utilized an hour ; compared with one of 58 "48 lbs. used for driving the fan, and, if 
oven there were no loss of heat by cooling, in the case of the furnace, the consumption of coal would 
be 61 *81 lbs., compared with 58*48 lbs. a honse-power utilized an hour, as used for the production 
of ventilation by the fan. 

No indicator, friction-brake, or other means, were used to ascertain the actual power of tho 
engine employed to drive the fan ; but, as has been stated, the pressure of the steam in tho boilers 
was 43 lbs. a square inch, and the diameter of the cylinder and the length of the stroke were each 
22 in. ; and as the engine made sixty double strokes a minute when 82,294 cub. ft. of air a minute 
circulated, it follows that if we allow one-fourth of the pressure of tho steam to have been used or 
lost in overcoming the friction of the machinery connected with the engine and the fan, by 

2!P x -7854 x J X 43 x 

condensation, Ac., wc have 93000 = '728 horse-power, as tho working 



power of tho engine. But we have already seen that only 10 • 374 horse-power was actually realized, 
in the ventilation produced, which is only 12-69 per cent, of the power, so calculated, for the engine, 
showing a Iosh of 87 ‘31 per cent, of that power. 

Tliis result is what might have been anticipated from a consumption of no much as 58*48 lbs. of 
coals a horse-power utilized an hour : the consumption of coals, on the power of the engine, as above 
calculated, being only 7*42 lbs. a horse-power an hour. 

It appears from these experiments tlmt the Elsecar fan is capable of circulating large quantities 
of air at a low water-gauge, such as is due to the existence, in the mine, of numerous roomy and 
short air- ways; and that it is not well adapted for overcoming heavy drags or resistances, such as 
occur where the air-ways are few in number, limited in sectional area, or very long; inasmuch as it 
was found impracticable to obtain so much as an inch of water-pressure, from the use of the fan, 
even when the mine was entirely shut off, and no air allowed to circulate in it ; beyond any small 
amount of leakage that might prevail at the folding-doors, over the ton of the upcast shaft. 

Cochrane observes that this fan appears only to give a utilization of 12 • 69 per cent, of tho power 
employed, compared with one of about GO per cent, alleged to be obtainable from machines similar 
to those known as Struve's, Fabry's, and possibly one or two other kinds. It has, however, the 
recommendation of being moderate in first cost, and so simple in construction as to be little liablo 
to get out of repair ; anti, as the class of coals used are of no very great value, on many collieries, 
its waste of power in such cases may not stand greatly in the way of its adoption, where the nature 
of tho mine happens to be one of a character to suit its application. 

Ventilator , — The name of ventilator is applied, in general terms, to all of those contrivances 
designed to renew the air in a given space; but in Mechanics the name is more particularly 
applied to those which operate by centrifugal force. Those instruments consist of a certain number 
of fans, either straight or curved, fixed upon an axis, and revolving between the sides or cheeks of 
a drum, the circumference of which may be quite open or partially closed. There are two kinds 
of these ventilators — thoee which i«d the air through pipes opening into the cheeks of tho drum 
on a level with the axis, and eject it into the atmosphere with a feeble velocity through all the 
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{siints of tlic circumference, and those which suck the surrounding air through orifice* in the 
checks on a level with the axis, and blow it through a pipe communicating with the circumference 
of the drum. Both of these methods may be combined in one ventilator. 

Suckintf Ventilator t. — Figs. 2812, 2813, represent a sucking ventilator with curved fans. The 
fans arc fixed upon a disc A A, Fig. 2812, perpendicularly with the axis, and revolving with it. 
The cheek B B has in its centre a circular orifice, t/» which is fitted a pipe C C, through which the 
air is sucked. Fig. 2813 shows tho arrangement of the curved fans. The rotary motion is oom- 



2 *tx 




2 * 13 . 




m union ted to the axis hy means of the pulley p. The way iu which the apparatus works will bo 
apprehended without difficulty. As tho rotation takes place in the direction of the convexity of 
the fans, as shown by the arrow in Fig. 2813, there tends to be formed on the concave side a 
partial vacuum, into which the air of the pipe CC rushes. This air is thrown outwards towards 
the circumference by the centrifugal force acting upon it, ami issues by the canals formed by tho 
fans in a direction nearly opposite to that in which the fans rotate ; so that the absolute velocity 
of egress is very feeble. 

The motion of the air in a sucking ventilator gives rise to complex phenomena, and the exact 
theory of this apparatus has yet to be found. Wo w ill, however, give an approximative theory, in 
order summarily to appreciate its effects. Let I*, bo the pressure in the pipe C C, P the pressure 
at the point where the air enters between the fans, and c the velocity which the air assumes in 
virtue of this difference of pressure. Calling the temperature of the air f, and its coefficient of 
expansion <i, we have, according to Bernoulli's theorem, 

t> = 2sr X 18301(1 + a 0 log.?-' [1] 

This velocity is in the direction of tho radius, or perpendicularly to the sides of tho pipe CC. 
Let u # be the velocity of the fans at the inner circumference; this velocity is perpendicular to r. 
If, therefore, wo denote the relative velocity of the ingress of the air into the canals formed by tbo 
fans, by tr„ this third velocity will be the hypothenuse of a rectangular triangle having as its sides 
i», and c. We have, therefore, 

tr 0 * = r* + [2] 

Let <c be the relative velocity of the air at the opposite end of these same canals, that is, at the 
outer circumference of the fans ; let u be tho velocity of the fans at this point. The pressure at 
the outer circumference being the pressure of the atmosphere P a , we have, by applying the prin- 
ciple of the effect of the work for the relative motion, 

«* = «■„» + . <«_ t.,« + 18301(1 +at) log. £ 2y. [3] 

* « 

Let a Ixs the angle of the velocities u # and «c, ; we thus have 

- tan. a = — • [4] 

**• 

Let 0 be tho angle which tho last element of the fans makes with the outer circumference, and 
e* the absolute velocity of the egress of the air ; this velocity v' will be tho resultant of the relative 
velocity w and the velocity u taken in the contrary direction. We thus have 

e** = a* -f ic* — 2 u er cos. 0. [5] 

Let W be the weight of the air which flows off in a second ; 8 tho distance between two con- 
secutive fans measured on the outer circumference, and e the thickness of tho ventilator, or distance 
between the disc A A and the cheeks B B. The section of one of the canals will be s 8 sin. 0 ; 
nml if we suppose all the currents of air moving w ith the same velocity w, the volume which passes 
off in a second through one of these canals will be e 8 sin. 0 X *». This air being at the atmo- 
spheric pressure, if n„ denote the weight of the cubic metre of air at this pressure and at the 
temperature <, the weight of air flowing off through one of these canals iu a secoud will bo 
IL e 8 sin. 0 x ic. And consequently, if there are n canals, we shall have 
W = n n a f S sin. 0 w, 

or, remarking that « S expresses the outer circumference of the fans, the value of which is 2 f r, 
if r denote the radius of this circumference, 

WsSwrILtfw »n. 0. [6] 
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Calling the weight of tho cubic mbtro of air at the pressure P and at the temperature t , n, and 
the radius of tho inner circumference of tho fans or the radius of tho pipo C C, r„ we find 
W =s 2 v r 0 n e tc 0 Bin. a. [7] 

The quantities n„ and n may bo expressed as functions of tho pressures and temperatures cor- 
responding, by the formula) 

"* = 11 3 10334 (1 + a 0 ' ^ 

11 = 11 8 10334 (1 + a t) ' ^ 

Adding member by member tho relations [1^ [2], and [3], wo obtain, after reductions, 

K* = u* + 2 ]? x 18304 (l + o <)l°K-jr> [10] 

which will givo tho velocity »c. Usually tho pressures P„ and P« differ but little from each other ; 
their relation is very near unity, so tliat v will differ but little from u, that is, the relative velocity of 
t<jress of the air is sensibly equal to the velocity of the outer extremity of the fans, a result which is con- 
firmed by experience. 

The velocity vo being given, equation [6] will givo P. If we add equations [1] and [2], we 
have 

«’* = «* + 2 !? x 18304 (1 + aO log. [11] 

Again, equation [7], by substituting the value of II [9], becomes 

W = 2 »r 0 ,^an. , x 13 ^ * + — • tl2] 

Tho relations [11] and [12] will give the values of tho two unknowns tr 0 and P. Equation 
[1] will then give the velocity c; and equation [5] will give tho volocity o'. Equation [4] will 
give a, the angle which the first element or portion of tho fan makes with the inner circumference 
to allow the air to enter tho canals without a shock. 

tc * 

The expression of tho effective work is T. = W — “ • 

The motive work T«» is made tij) of T. , plus tho work corresponding to the absolute velocity 

of tho air at its egress, that is, W , plus again the work T /, duo to tho friction of the air against 
“ 9 

the sides of tho canals, and to unavoidable losses. Wo have, therefore, 



T. = W(^) + T,. 



and, consequently, the expression of the ratio of tho effective to the whole work is 



rj + r’+^x T, 



It will be seen that the velocity e' should be as small as possible. To obtain this result, as w 
differs but little from u, it is evident that we must make the angle 0 as small as possible; that ia, 
the last element or portion of the fan should be as nearly as possible a tangent to the outer circum- 
ference. 

Losses due to leakage cannot be computed ; the friction may bo calculated as for a pipe, when 
the dimensions of the ventilator are known. To this end, as tho relative velocity is variable, we 
may take the mean of the velocities cr. and v, and substitute it for U in the formula q> = n, J;(3TP, 
whence T $ = n, / x 3 U*, I denoting the developed length of one of the canals, x the contour of its 
mean section, 0 the coefficient O’ 000355, and n, a mean between tho values IT* and n, which enter 
into the foregoing calculations. 

This approximative theory supposes that the currents of air have tho same velocity in a given 
section of the canal ; tho velocities are, in fact, different. It supposes, too, that the pressnre is the 
same in a given section ; this hypothesis is not realized. Behind tho fan a partial vacuum is 
formed, into which the external air rushes, so that there ore two currents of air in a given canal 
at once, one of which is issuing in virtue of centrifugal force, tho other of which is entering in 
virtue of the difference of pressure of which we hove spoken above. Those complicated phenomena 
would require n careful ex|>erimcntal study, one that would be both delicate and difficult, and 
which has never yet been mode. 

In general, the effective work, or, in other words, the ratio of the useful work effected by tho 
instrument, to the total work cxjMjnded on it, is very small ; it hardly reaches 0*30 in those which 
have been constructed with the greatest care ; ami it often descends os low as 0*18 and even 0*10, 
especially when the curved fans are avoided, as frequently happens, in favour of straight fans 
fixed in the direction of the radii. This small amonnt of useful work effected by the most carefully 
constructed ventilators is accounted for by tho influence of friction, which assumes a high import- 
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ance from tho fart that tho air in tho canals possesses groat velocity. Another cause is the unequal 
distribution of the velocity, and the pressure in a given transverse section, and tho entrance of air 
through the outer circumference, spoken of above. 

The arrangement of the fans has been varied in many ways, and various shnjtes have been 
given to the cheeks or sides of the ventilators ; but none of these modifications have produced a 
better result. 



Usually a length of from 1 to 2 metres is given to the miter diameter; r„ is made equal to tho 
half of r ; the fans are multiplied In proportion as the diameter of the apparatus increases; their 
number varies generally from <i to 12. The depth of tho fans is a fourth or fifth of the outer dia- 
meter. The speed varies from one hundred and twenty up to a thousand revolutions a minute. 
The rate of speed which gives tho best results has yet to be discovered. 

Muirin^ Venti liters. — Fig. 2814 represents a blowing ventilator with fiat fans fixed in the direction 
of tho radius. The direction in which the fans revolve is indicated by the arrow These fans are 
enclosed throughout al*>ut 



three-fourths of their circum- 
ference by a drum which pre- 
vents the air fmm escaping ; 
the remaining portion corre- 
sponds to a pipe into which 
the air is driven by the rota- 
tion of the fans. Wo nmy 
apply to this kind of ventila- 
tor n theory analogous to that 
which we have explained 
above for the other kind of 
ventilator. According to this 




2815. 




theory, tho fans, instead of 

being straight, ought to be curved, as shown in Fig. 2815, n&c, in order that the air may, on the 
one hand, enter the canal without shock, ami, on the other hand, issue in a direction nearly tan- 
gential to tho outer circumference. But the small amount of useful work effected by these 
machines have led constructors to avoid the expensive curved fans ; and the straight fans, which 
have been generally adopted, are fixed in the direction of tho radius, or slightly inclined in tho 
direction opposed to that of the rotation. 

If the central orifice of Fig. 2813, instead of opening into the air, formed the month of a pipe 
communicating with a given space, the ventilator would bo at onco sucking and blowing. See 
Adit. Anemometer. Blowing Machines. Boring. Coal Mining. Lamp, Safety. Venti- 



lation. 



FAULTS. Fn., Fentc, Fissure ; Gkil, Khift, Oaruispatte ; Itau, Spoatamento ; Span., Dinlocacion. 

Faults are a displacement of strata or veins at a fissure, so that they are not continuous. 

See Boring and Blasting. Fan. 

FEED-PIPE. Fr., Tuyau (falimentation, Tuyan dc refoulement ; Geil, Speisero/tr; Ital., Tubo 
(Talimentazionc ; Sl’AN^ Tubo de alimentacion. 

Feed-jnpc Connecticut for Loconwtire Ftujines, inventeil by Alexander Allan. — Various constructions of 
feed-pipe connection between locomotive engines and tenders have been used ; but the double 
ball-and-socket plunger pijies, made of brass, are generally applied, in order to have a continuous 
metallic connection, allowing of blowing steam through into the tender without injury. These, 
however, are very expensive, requiring great nicety of fitting and much care in their management, 
ami. in consequence of sand ana dirt getting in among the movable ports, they involve n serious 
outlay for maintenance. In practice it is almost impossible to keep them perfectly tight, while if 
the joints l>e too tightly screwed tip there is risk of the feed-pipes breaking. * 

To obviate these defects, and to obtain a continuous metallic connection comparatively inex- 
pensive, and at the same time to present a mechanical combination that should Ixi simple, durable, 
and efficient, Allan has substituted the connection shown in Fin. 2816, 2817, consisting of a 
simple brass or copper tube A, coiled in a circle of considerable diameter, so ns to have sufficient 
elasticity to allow for tho vertical disturbance due to the unequal deflection of the engine and 
tender springs, and also for the extreme lateral range required in going round sharp curves, with 
a minimum strain on tho joints. A solid-drawn brass tube is employed, varying from No. 17 to 
No. 14 wire-gauge in thickness, or *060 in. to ’085 in., coiled to a circle of 3 ft. to 3} fit. diameter : 
sec Fig. 2817. 

In order to offer less resistance to bending, the tubes are made elliptical in section, about 21 in. 
deep by 1£ in. broad: see Fig. 2819. Tubca of circular section 2 in. in diameter, ns shown in Fig. 
2820, have also been used, but they are more rigid than the elliptical tubes. Experiments were 
made to ascertain the amount of force necessary to stretch and compress the coiled tube, anil also 
to deflect it vertically and laterally through the extreme range required in practice; and the 
results show that the elliptical tube has the advantage in elasticity, tho first inch of deflection 
requiring only about 30 lbs. pressure, while a tidal pressure of from 90 to 100 lbs. is sufficient to 
produce the extreme deflection of about 3 inches in any direction ; np to this pressure there is no 
l*ermanent set, and consequently no fear of the tube collapsing in any part. The experiments 
were afterwards extended with the elliptical tube up to 34 in. movement in any direction, giving 
a total range of 7 in., tip to which the tube may I* strained safely ; beyond this limit a permanent 
set is produced. In practice, however, the total range in any direction never exceeds 5 in-, or 
2| in. on each side of the central position, leaving a sufficient margin of elasticity to prevent injury 
to the tube With a thiuner tube, or one coiled to a larger circle, an increased range could be 
obtained if desired. 

The connecting tubo A is attached to both engine and tender by iucanH of the ordinary screw 
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and tail-pipe coupling* B B, Figs. 2816, 2817, the tail-pipes being brazed upon the circular 
ends of the tube, as shown in the section, Fig. 2818. It is placed Above the axle, and suspended 
to the foot-plate by short chains C, as shown in Fig. 2816, so that the wheels can be removed 
without interfering with the feed-pipe connection, and it is less liable to damage should the engine 
get off the rails than the ordinary ball-and-socket couplings. The connecting tube is placed 
central in the engine whenever practicable, so that the angular deflection produced in running 
round curves is reduced to the minimum ; but it can be fixed without any practical objection in 
the usual side position of the feed-pipe, ns shown iu the plan, Fig. 2817, so as to admit of ready 
application to existing engines and tenders. Figs. 2816, 2817, bIiow the connection applied to 
nn engine fitted with an injector D for supplying the boiler ; and the dotted lines E show the 
end of the tube when a pump is used. 




This connection has been fitted to a number of locomotives on the Scottish Central Railway, 
including somo large goods engines ; and it has been subjected to severe tests during the last 
twelve months, and has given satisfaction. In the engines on this railway the plan of coupling 
between the engine and tender, drawing os well as buffing nn a heavy laminated soring, allows 
more movement than is usual, amounting to a ploy of 2 in. between the engine and tender, and 
the connecting tube is 6 in. out of the centre ; but, even under these conditions, no failure of the 
connecting tube has occurred. The dimensions of the engine to which it has been longest attached 
are; — diameter of cylinder, 16 in. ; stroke, 20 in. ; driving wheel, 6 ft. diameter ; steam-pressure 
in boiler, 130 lbs. a square inch ; the boiler was supplied by a No. 9 injector. 

FEED-PUMP. Fr., Pompe (Talrincntation ; Gem., Sjtrisepumpe ; Ital., Tnjtnba (Talimcntaxione ; 
Span., Bomba dc alimenUicion. 

See Details or Engines. 

FILBOW, on FILBO. Fr., Boulon a clatcite ; Geb., Gefochter Xascnbolzen ; Ital., Chiavarda 
ad occhio ; Span., Anillo dc amarra. 

Any bow or ball, after the fashion of an eye-bolt, with an attached stem, is termed a filbow 
when either the stem or bow is in use ns a guide, swivel, or double swivel. Fig. 2821 shows the 
eye-bolt of a gland for a stuffing-box, where the stem is made to serve ns a guide. In machinery 
where the bow or ball is a guide or swivel. Fig. 2822. Fig. 2823 is a shape given to a filbow when 
this class of eye-bolt is not intended wholly as a permanent fixture. 
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John Fielden, of Rochdale, the inventor of Fiolden’s Cost Link Chain, p. 836, properly remarks 
on thin technical term, which is as old ah the spinning mule or carding engine, “ that although not a 



2 * 21 . 3823 . 




local term, but in use in almoat all parts of Greftt Britain amongst educated engineers and machinists, 
yet thin word, like many others of the same class, has never found its way into any Dictionary." 

FILE. Fk., Lime ; C»eh., /Vi/s; Ital., Lima ; 8 pan., L(ma, 

A J Ur is a steel instrument having the Burfnce covered with sharp-edged furrows or tooth, used 
for abrading or smoothing such substances as metals, wood, and so on. A file differs from a rasp 
in having the furrows made by straight cuts of a chisel either single or crossed, while the rasp 
has coarse single teeth raised by the pyramidal end of a triangular punch. 8oe Hand-Tools. 

FILE-CUTTING MACHINE. Fa., Machine a faille des tunes ; Ger., Feitenhaumaschine ; Ital., 
Match ina da tagliar lima ; Span.., Mdquiwi de picar limas. 

It is a remarkable circumstance, says Thomas Greenwood, in tho Proceedings of I. of Mech. EL 
that whilst almost every manual operation in our various manufactures has been cither superseded 
or very materially assisted by the introduction of machinery, the operation of cutting files is still 
done by hand, and has hitherto been generally considered to be one not admitting of tho appli- 
cation of machinery. Several very ingenious machines for the purpose have already been tried, 
both in this country and in America, but hitherto without any marked success. I^irge sums have 
also been expended by some of the loading makers of Sheffield in attempting to introduce file- 
cutting machines; but the difficulty of the operation, real or imaginary, bus been one cause of 
failure, and another cause has been the very determined opposition on the part of the operatives 
to the introduction of machinery into any part of the various operations of file-making : indeed, so 
jealously do the file-cutters guard tho art and mystery of their craft, that they do not teach their 
apprentices how to grind their cutting chisel until they have attained the last year of their legal 
apprenticeship. The manufacture of files lias been kept stationary, instead of advancing and im- 
proving like other man u fact ures, from the mistaken belief on the part of the men that by resisting 
the introduction of machinery they are preserving their employment. Speaking in 185‘j, Green- 
wood observed ; — As a further illustration of this mistake it may be mentioned that the tariff of 
prices for forging files now followed is founded upon the supjswition that no improvement lias 
been made in rolling steel in modern times, and that the liars are supplied in the same rude form 
which was prevalent fifty years ago, thus ignoring tho beautiful improvement which has been made 
in rolling steel ; so that the forgers charge the same price for simply drawing down the tang upon 
a square nr round bar of steel for a |**mllel or equalling file that they do for the entire forging of 
a half-round taper file-blank of the same length. 

Operations much more difficult than cutting files havo been performed by machinery in various 
manufactures ; amongst which may bo named, as having taken its rise in the Leeds district, tho 
combing of wool, in which, by tho manipulation of the machine itself, tho long fibres are selected and 
delivered into one compartment, and the short fibres into another; an operation which at first sight 
would appear to require an intelligent and discriminating power. Thomas Greenwood truly observes 
that the actual process of fib-cutting is, however, one of the simplest description. It consists in 
driving a chisel of suitable form and inclination to a small depth into the prepared surface of the 
blank, and steadily withdrawing it again ; and cutting a file is merely a repetition of this opera- 
tion. Tho difficulties to be surmounted are— to present the blank perfectly parallel to the cutting 
edge of the chisel ; to withdraw the chisel from the incision made in the blank without damaging 
the edge of the newly-raised tooth ; to prevent a rebound of the chisel after the blow which drives 
it into the blank, and before the next blow is struck ; to give a uniform traversing motion to 
the blank, ensuring regularity in tho teeth ; to proportion the intensity of the blow to the 
varying width of the file, w> as to give a uniform depth of cut; and to perform these operations at 
such a speed as to make them commercially profitable. In most of the attempts that have been 
made to accomplish this process by machinery, the idea has been to construct an iron arm and 
hand to hold the chisel, and an iron hammer to strike the blow; and by this means to imitate as 
nearly ns possible the operation of cutting by hand. The difference in the material used inevitably 
led to failure ; the flexible, and, to some extent, non -elastic nature of the fingers, wrist, and arm, 
enabled tho man to hold the chisel, strike the blow, and then lift the chisel from tho tooth, without 
vibration ; not so when the iron hand and hammer are tried to perform tho same operation ; the 
vibration consequent upon the material employed frequently caused irregularity in the work, and 
a ragged and uneven edge on the tooth. The slow g]>oed at which these machines were worked 
rendered them unable to compete with hand-labour. 
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In tho machine. Figs. 2824 
to 2820, the above objections 
hove been nearly, if not alto- 
gether, obviated by an ingenious 
modification in the mode of 
action. This machine is tho 
invention of M. Bemot, of Paris, 
and has been already working 
successfully for some timo both 
in France and Belgium. Tho 
blow is given by the pressure 
of a flat steel spring pressing 
upon the top of a vertical slide, 
at the lower end of which the 
chisel is firmly fixed ; the slido 
is actuated by a cam making 
about one thousand revolutions 
a minute, and tho chisel conse- 
quently strikes that number of 
blows a minute, thuB obviating 
the vibration consequent upon 
the blow with an iron mounted 
tiarmnor, and moving at such a 
speed as to render any vibration 
impossible. 

The accompanying Figs. 
2824 to 2834, show tho various 
parts of a luachino for cutting 
18-in, bastard files, which is 
nearly the largest size required ; 
for the smaller files, machines 
smaller in proportion arc em- 
ployed, down to one-half tho 
size of that shown in the draw- 
ings. Fig. 2824 i« a front ele- 
vation of the machine ; Fig. 
2823, a vertical section taken 
at rigid angles to Fig. 2824 ; 
and Fig. 2820, n plan. In the 
front elevation. Fig. 2824, some 
of tho parts at the top of the 
machine which are behind tho 
main framing are shown in front 
of it for tho sake of distinctness, 
and a portion of the frame at tho 
top is omitted for the same pur- 
pose ; but the proper position of 
these parts is fully seen by a 
conqtarisnn with the vertical sec- 
tion and plan, Figs. 2825, 2820. 

Tho main shaft A, Figs. 2824 
to 2820, is mounted near tho 
top of the framing, and is driven 
by a clutch that engages with 
a similar clutch on the boss of 
the driving pulley and fly-wheel 
13, which, when the clutch is 
out of gear, run loos** upon the 
shaft : the clutch is mov«d by a 
hand-lever with suitable notches 
to hold it in and out of gear, ns 
shown in the plan, Fig. 2820. 
Tho vortical slide C is lifted by a 
cam on the main shaft, nnd slides 
between adjustable V guides 
fixed iti the frame of the machine, 
ns shown in tho plan. Fig. 2826, 
and the enlarged plan, Fig. 2834. 
Tho cutting chisel D, Fig. 2825, 
ahown black in tho drawings, is 
held in a socket in tho bottom 
of the vortical slide C, and se- 
curely fixed by a set screw, as 
shown enlarged in Figs. 2888, 
2831. The blow is given by 
means of the horizontal flat 
spring Fi, Figs. 2825, 2820, which 
is fixed at the outer end to a 
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rocking shaft carried in a bracket at tho back of the main frame ; tliia brocket also carries the 
pressure cam F pressing upon the middle of tho spring and forming the fulcrum against which tho 
spring is bent when the slide C is lifted by the cam on the shaft A, the spring bein^ always in 
contact with the head of the slide C. Tho pressure of the spring and consequent depth of cut of 
the chisel is regulated by an adjusting screw at the outer end of the spring, Fig. 2825: and in tho 
case of cutting a parallel file this pressure is kept the same throughout. But in cutting a taper 
Ale the pressure is varied in tho same proportion os the breadth of tho file varied, so as to maintain 
mi equal depth of cut throughout, by means of the pressure cam F being made to rotate during 
the traverse of tho file ; and tho radius of the cam is made to increase and diminish in tho projior- 
tion of the breadth of tho file, thus varying the amount of deflection of the spring at each cut in 
the required proportion. The rotation of tho cam is effected by means of tho ratchet-wheel G, 
Fig. 2825, worked by an eccentric upon the main Bhaft A, Figs. 2824 and 2828, and thrown out of 
gear when a parallel file is being cut. 

The file-blank H to be cut, shown black in Figs. 2824, 2825, is fixed upon a compound bed I, 
which admits of adjustment to any obliquity horizontally, as shown in the plan, Fig. 2826, by 
turning upon a strong centre pivot .1 in tho bottom frarno ; and to any inclination vertically, as 
shown in Fig. 2830, by rocking upon the centra bearing lv, shown in the transverse section, Fig. 
2831, which consists of a semicircular trunnion on each side of the file-bed, as shown bv the dotted 
lines in Fig. 2830. The file-l>ed is adjusted and secure*] at any required inclination f»y means of 
tho circular arc L, Fig. 2830. fixed to one of the pedestals M in which tho file-bed is carried. 
These two movements of tho l>cd give the required obliquity of the chisel-cut across the ftice of 
the file, and the inclination of the chisel to the plane of the file-face ; tiio chisel itself remaining 
always vertical. Tho trunnions K of tho file-bed ara recessed into the two pedestals M, each 
supported by two pillars which are connected at the base by a turning plate N, turning on tho 
centre pivot J. The upper end of this pivot is provided with a nut and washer to hold the turning 
plate and secure the flic-bod I in the required oblique position. 

The horizontal movement or traverse of the file between each cut of tho chisel is given by 
means of a rack which slides in a longitudinal groove O in tho file-bed I, Figs. 2825, 2826. 
This rack is advanced tho required distance between each stroke of the chisel by the worm P, 
Fig. 2825, the shaft of which 1ms a ratchet-wheel Q fixed on the outer end, as shown in Fig. 2824, 
which is worked through a Berios of connecting-rods and lovers from the crank-pin It upon the end 
of tho main shaft A, Figs. 2824 and 2826. In order to provide for the double motion of adjust- 
ment of the file-bed I, with an inclination both vertically and horizontally, this feed-motion is 
communicated through a vertical spindle B, Fig. 2825, passing up freely through the tubular centre 
pivot J upon which tho flic-bed turns; the head of tho spinule S is connected by a horizontal 
lever and connecting-rod with swivel-joints to tho cranked rocking shaft T, which terminates at tho 
eeutro line of the trunnions K on which the file-bed rocks, os shown in the plan, Fig. 2820, and 
side elevation. Fig. 2830 ; the other end of tho rocking shaft T carries a pawl that works tho 
ratchet-wheel Q on tho shaft of the worm P, Fig. 2824. The whole of this set of levers is 
carried by the turning plate N of the file-bed, and turns freely upon tho head of the centre spindle 
8 without interfering with their action in driving the worm P. 

Tho upjmr side of the file-bod I is cut out in a semicircle, as shown in Figs. 2824 and 2831 : 
and a movable semicircular slide U, Fig. 2825, which is of sufficient length to carry the file, is 
fitted into this semicircle so as to roll freely in the cavity. To the under-side of this slide the rack 
O is attached by means of a groove and a cross-piece, as shown in Figs. 2825, 2831, 2832. At 
each end of the slide U suitable fastenings V, Fig. 2832, are attached for holding down the file- 
with levers, rack, and springs. A handle W, Fig. 2825, with connecting-rods, bcll-crank levers, and 
springs, is mounted underneath the file-bed I for disengaging the worm P from the rack O and 
allowing the slide U to be pushed freely endways, so as to bring it back easily after the file is cut. 
On tho front of the main frame of the machine is mounted a leveller X, Figs. 2824, 2825, 
shown in Figs. 2833, 2834, for the purpose of pressing upon the file H and keeping it truly 
even with the edge of the chisel 1) ; the upper end of this leveller is jointed to a horizontal 
weighted lever Y, Fig. 2824, ono end of which is centred on the frame of the machine by means of 
a link-joint, and the other end is weighted by a ball ; a rest is provided for holding up the lever 
when recpiimi, as shown dotted in Fig. 2824, so as to keep the leveller X clear of the file. Another 
lever Z, Fi|?. 2824, is mounted upon a centre in the frame, for the purposo of raising the vertical 
slide C, which carries the chisel, and is provided with notches to hold it in position. 

Modi- of Action. — When the file-bed I has been adjusted to the proper position, and the blank 
H to be cut fixed upon the semicircular slide U, the chisel-slide C is lowered, so as to bring the 
edge of the chisel down upon the blank. The force of the main-spring E then brings the surface 
of the blank perfectly even with tho edge of the chisel D, in consequence of the rolling movement 
allowed by tho semicircular slide U ; in this position it is allowed to remain whilst the leveller X 
attache* I to the weighted lever Y is brought down upon the blank : a slot-hole in the middle of tho 
frame of the leveller X allows it to move so much ns to bring its lower edge exactly parallel with 
the edge of the* chisel and true to the surface of the blank, in which position it is then secured by 
hand by the tightening screw, as shown in Figs. 2824, 2825. The blank is now Blided along 
to tho starting point, and tho machine put in motion. If the blank to be cut is a taper flat file, 
tho pawl G which actuates the pressure cam F pressing upon the main-spring E is put in gear, and 
tho deeper side of the cam is gradually brought down upon the spring, causing it gradually to 
increase the pressure uj>on the chisel-slide C, and consequently increase the intensity of the blow 
until the chisel reaches the widest part of the tile. When cutting a parallel or eqnalling file this 
&PI»arntu« is not required. After the file ha** traversed the length required to be cut, the driving 
clutch is thrown out of gear and the machine instantly stops; the chisel-slide C is raised by the 
lever Z, the worm P disengaged from the rack O bv the handle W, and the semicircular slide U 
drawn back ; the file is then released and replaced by another, and the operation repeated. After 
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tlio drat cat has been completed, iw ihown in Fig. 2829, tho second ent is giren in the contrary 
direction across the file, by turning tho file-bed I round to the proper oblii|uitv. Every description 
of round or half-round files is cut in this machine by tlio use of a revolviug bed and dividing 
apparatus. 

In regard to the durability of tho cutting chisels in thin machine, it is remarkable that they 
cut five time* a* many file* an can be cut by hand without re-sharpening; and tho reason seems 
to be that the chisel i* driven into the blank and withdrawn again in a perfectly straight line, 
and without any rubbing action ; whereas in hand-cutting, the fine edge of the chisel is rubbed 
a short distance along the surface of the blank until it cornea in contact with tho last raised 
tooth, which is the only guide tho hand-cutter has to produce regularity of cut. Fig. 2*27 is a 
diagram of tho file-teeth and chisel, exhibiting tho action of tho chisel in raising the teeth in 
hand-cutting, and its inclined position ; and Fig. 2828 is a corresponding diagram of the chisel 
in this machine, Bkowiug tho vertical position of tho chisel and tho inclination of the file travelling 
underneath it. 

In the files cut by thia machine the teeth are raised with perfect regularity, and consequently 
when the file is used each tooth performs its proper share of work ; whereas in hand-cutting, from 
tire varying i*wer of the muscles, especially towards tho close of the day, it is impossible to produce 
such perfectly uniform work. 

FILTER. Fk., F tit re ; Geb., Filter, Setter ; Ital., Filtro; Span., Fiitro. 

Fee Water-works. 

FIRE- A RMS. Fr., Armes a feu ; Ger., Feueneafen ; Ital., Anni da fuoco ; Span., Armas de fueqo. 

Trials of small fire-arms and accoutrements Uavq recently been made by a Board of American 
officers at St. Louis. Tho particulars, data, and results of these trials, which we give, are taken 
from the New York Army and Navy Journal. 

The Board met at St. Louis Arsenal, March 2, 1870, in pursuance of orders. Captain K. R. 
Breese, U. S. navy, was present during all the experiments of tho Board until April 5. 1870. General 
J. H. Potter was deputed to conduct the experiments and tests determined on by the Board. These 
experiments were commenced March 11, and continued till their completion. May 23, 1870. 

The following is a list of the arms, accoutrements, and equipments received at the St, Louis 
Arsenal, under the provisions of General Orders No. 72, ami examiued by tho Board, namely 



Rifles. 

1 Remington rifle, cal. 50, No. 286, from 
Springfield armoury. 

1 Springfield breech -loading rifle musket, 
cal. 50, mod. 1868, from Springfield armoury. 

2 Peabody (Wessely) rifle*, cal. 42 (with- 
drawn). 

1 Peabody (Weraely) rifle, cal. 42. 

1 „ (self-corking) rifle, cal. 42. 

2 „ (Spanish) rifles, cal. 43. 

2 „ (Roumanian) rifles, cal. 45. 

2 „ (Springfield) „ cal. 50. 

1 Remington rifle, cal. 42, No. 2. 

1 Remington rifle, cal. 44, No. 3, sword 
bayonet. 

1 Remington rifle, cal. 50, No. 4. 

1 Remington rifle, cal. 51, No. 5, triangular 
bayonet. 

1 Remington (Spanish) rifle, cal. 43. 

1 „ (Ryder) „ cal. 50. 

1 „ (modified) „ cal. 50. 

2 Roberts* (Springfield) rifles, cal. 50, U. S. 
bayonet*. 

1 Roberts’ (Springfield) rifle, cal. 50, No. 4, 
U. 8. bayonet. 

1 Roberts’ (Jackson’s improvement), cal. 50. 
1 w (Starr’s „ ). cal. 50. 

1 „ centre-lock rifle, cal. 50. 

1 Berdan’s rifle, cal. 42. 

1 Colt’s rifle, cal. 42, triangular bayonets. 

1 „ cal. 50, „ 

1 Thierao (Baxter’s), cal. 50, U.S. bayonet. 

2 Triplett and Scott rifles, cal. — . 

1 Sharp’s musket, cal. 50, U. S. bayonet. 

1 Ward-Burton rifle, cal. 42, triangular 
bayonet. 

1 Ward-Burton rifle, cal. 45, sword bayonet. 
1 ,, cal. 50. 

1 Hubbell rifle, cal. 50. 

1 Martini-Henry rifle (long block), cal. 45. 

1 „ (short block), cal. 45. 

1 Merge natem rifle, cal. 42. 

1 „ barrel, cal. 50. 

1 Conroy rifle, cal. 42. 



Carbines. 

1 Remington carbine, cal. 44, No. 1. 

1 Roberts’ centre-lock carbine, cal. 50. 

1 Sharp’s carbine, cal. 50. 

1 Remington carbine, cal. 50, from Spring- 
field armoury. 

1 Sharp's carbine, cal. 50, from Springfield 
armoury. 

1 Spencer carbine, cal. 50 (Stabler attach- 
ment), Springfield armour)'. 

1 Springfield carbine, cal. 50 (Stabler attach- 
ment), Springfield armoury. 

1 Conroy carbine, cal. 45. 

Pistols. 

1 Remington revolver, cal. 44, Springfield 
armoury. 

1 National Arras Company revolver, cal. — . 

1 Remington single pistol (modified), cal. 50. 

1 „ single-barrelled pistol, cal. 50. 

4 Remington revolvers, cal. 44, Noe. 2, 3, 4, 
and 5 respectively. 

1 Smith and Wesson revolver, cal. 44. 

1 Whitney Arms Company revolver, sta- 
tionary breech, cal. 44. 

1 Whitney Arms Company revolver, revolv- 
iug breech, cal. 44. 

Bayonets. 

2 Remington rifles, cal. 50, with Colonel 
Anson Mill's bayonet attachment. 

1 contract rifle musket, mod. 1861, cal. 58, 
with P. A. Oliver’s bayonet attachment. 

1 contract rifle musket, mod. 1863, cal. 58. 
with trowel bayonet in stock; Captain De Witt 
C. Pnolo. 

25 trowel bayonets and scabbards ; Lieut. E. 
Rice, U. 8. army. 

Miscellaneous. 

Dr. Hay’s attachment to Springfield breech- 
loader rifle musket, cal. 50, mod. 1868. 

I)r. Hay’s attachment to Remington revolver, 
cal. 44. 
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Miscellaneous — continued . 

Dr. Calver's automatic extractor for Colt’s 
revolver. 

Contract rifle musket, cal. 58, mod, 1869, 
with hair trigger. 

Springfield breech-loader rifle musket, cal. 
50, mod. 1866, with firing-pin of proper length 
to explode hut not pierce the primer. 

4 sets of tools for reloading Berdan cart- 
ridges, cal. 42, 45, and 58 respectively. 

2 sets of tools for reloading Berdan cart- 
ridges, cal. 50. 

Cartridges from J. W. H. G jeweler, New 
York. 

Accoutrements and Equipments. 

Baxter’s accoutrements ; Sherlock’s accoutre- 
ments; Snyder's accoutrements; Seymour’s ac- 
coutrements; Fenrose’s accoutrements; Horst- 
man’s accoutrements ; cooking canteen ; metallic 
torapion; picket-pin; A. W. Lee’s knapsack; 
O. E. Wood’s knapsacks (2); Lieutenant W. G. 
Manning’s kna|>sack ; Colonel O. K. Mixner’s 
knapsack and saddle-bags ; Captain J. Clifford's 
knapsack and cartridge-belts ; General Hoff- 
man’s bayonct-acahlmrd attachment; William 
Cline’s baggage-supporter ; Charles Ewing’s 
tent overcoat ; two tents (General B. S. Roberts) ; 
bridle and bit. 

2 cartridge boxes, different Bizes (D. W. C. 
Baxter). 

1 cartridge box (C. H. F. Thieme). 



6 cartridge boxes, different sizes (Captain 
8. A. Day). 

1 cartridge box and belt (Captain W. F. 
Brewerton). 

1 cartridge box (Lieutenant C. L. Best). 

2 cartridge boxes (Lieutenant J. U. McGin- 
ness). 

1 cartridgo-box magazine (J. M. Hawkins). 

1 .. (Kilborn Knox). 

1 „ (A. D. I^aidley). 

1 cartridge box (Lieutenant Thomas Con- 
nolly). 

4 cartridge boxes, cavalry, with belts and 
pouches (Lieutenant j. G. Butler). 

4 cartridge boxes, infantry, with belts and 
pouches (Lieutenant J. G. Butler). 

1 cartridge belt with detachable thimbles 
and tompions and belt-plates. 

10 cartridge belts and plates (Colonel Anson 
Mills). 

1 cartridge box (Captain N. H. Coster). 

4 „ boxes (C. Howlett). 

1 „ box (General B. J. Roberts). 

1 „ „ (General A. Baird). 

1 „ „ (Captain Clifford). 

1 „ „ (General Morris). 

2 „ boxes (Benjamin Loyd). 

1 ,, box holster, leather (Lieutenant 

Thomas Connolly). 

1 cartridge-box holster, wood (Lieutenant 
Thomas Connolly). 

1 cartridge box (Lieutenant Thomas Con- 
nolly). 



It was decided to oonfino tho experiments with fire-arms to tests of the qualities of the breech 
mechanism of the various systems submitted to the Board, using the ammunition furnished by the 
inventors, and subjecting each arm to the same test os far as practicable. 

The following programme of experiments was adopted, namely 

I. Simplicity of Construction . — Each arm to bo dismounted, examinod, and tho number of its 
pieces to oe notea. 

II. Accuracy of Fire. — Test : fifteen shots to be fired from a fixed rest, at a target. Distance 
100 yards. 

III. Rapidity of Fire. — Test: twenty-five shots to be fired from the shoulder; fair aim to be 
taken at the target. Distance, 100 yards. 

IV. Endurance. — Test: each gun to ho fired at a target 500 times from a fixed rest ; distance, 
100 yards. The arm to be allowed to cool at the end of each 100 rounds, but not to be cleaned 
during tho test. At tho end of this test the arm to be cleaned and examined to ascertain its 
condition. 

V. Effects of Exposure to the Weather and Firing. — Test : 400 rounds to be fired without cleaning 
the arm ; 100 on each alternate day. The arm to be exposed to the effects of the sun and rain (or 
water artificially applied) during each day of tho test, and tho exposure continued for three days 
thereafter. The arms to lx? cleaned and examined. 

VL Effects of Sand and Ihust on the Breech Mechanism. — Test : eight shots to be fired ; then fine 
dry Band to lx* sifted over the breech mechanism when closed, and eight shots fired ; then fine dry 
sand to be sifted over the same parts when open, and nine Bhots fired. The sand to be removed in 
each cose by shaking the piece, or using only tho hand. The piece then to bo examined and 
cleaned. 

VII. Effects of Salt Water. — Test : the arm to be placed for three hours in brine, covering the 
breech mechanism and chamber; then to be exposed in tho open air until tho next day, and fifty 
shots to be fired. 

VIII. Effects of Defective Ammunition. — Test : the arm to be fired with Bix cartridges rendered 
defective in the following manner ; — 1st. One cut longitudinally from the end of the case to the ribs, 
and placed in the chamber with the cut upward. 2nd. One cut longitudinally from tho end of tho 
cose to the rim, aud placed in tho chamber with the cut downward. 3rd. One to lx> cut helically 
from the end to the rim. 4th. One to bo cut at tho base, so that the firing-pin in firing will pierco 
it. 5th. One to be pierced through the base at four points. 6th. One to be filed through tho rim, 

IX. Strength of the Breech Mechanism. — Test ; tho arm to be fired once with a double and onco 
with the triple charge of powder and lead. 

The results with the best samples of the six principal systems reported upon by tho Board are 
as follows ; — 

. L — Remington Rifles. Fig. 2835. 

1 . — Remington Rifle modified so as to load at the half-cock, cal. 50, sent by Colonel Schofield. 

I. Was dismounted, examined, and found to consist of fifty-five pieces. 

II. This arm was fired with the United States’ cartridges for accuracy. 
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III. The arm was fired for rapidity. Time, 2 min. 23 sec. One cartridge failed to ignite. 
Barrel slightly leaded. 

IV. Arm tented for endurance. 

First UK) rounds ; lime, 11 min. One cartri«lge failed to ignito. Barrel Blightly fouled. 
Distance between extreme shots, 30 in. ; eases extracted with difficulty. 

Second 100 rounds ; time, 10 min. 30 sec. Uuo cartridge failed to ignite. Distance between 
extreme shots, 31 in. 

Third 100 rounds; time, 11 miu. Six cartridges failed to explode. Distance between extreme 
ahots, 08 in. 

Fourth 100 rounds; time, 12 min. Six cartridges failed to ignite. Balls ranged wild. 

Filth 100 rounds; time, 11 win. Five cartridges failed to explode. Shots all over target. 

The arm worked well all through the test; many of the cases were drawn with difficulty. The 
main-spring worked with much friction on the hammer, and small particles of iron were found in 
the breech mechanism. Barrel much fouled and leaded. 




VI. The arm was subjected to the sand test, ami worked freely throughout this trial. Sorao 
sand was found in the inside of the guard-plate among the springs. 

VII. Arm subjected to the salt-water test. It was rusty, but worked freely. 

VIII. Arm fir»*d with defective cartridges. There was a slight escape of gas from the fifth, and 
much gas escaped from the sixth cartridge. Tiece uninjured. 

IX. Teat of strength by firing increased charges. After the second charge the breech-hlork 
moved very stiffly. The lower portion of the tarrel was pressed against the breech-block. Tho 
lower portion of the chamber was enlarged. 

2. — Remington Rifle, Springfield barrel, Ao. 4, cal. 50. tent from Remington and Bon*. 

I. Was dismounted, examined, and found to consist of fifty-five pieces. 

II. This arm ivns fired with the Sharp's (Martin) cartridge for accuracy. 

III. The arm was fired for mpiditv ; time, 2 min. 3 sec. 

IV. Arm tested for endurance witli United States’ cartridges. 

First 100 rounds ; time, 7 min. 5 sec. Four cartridges failed to ignite. Dispersion of balls, 
25 in. by 21 in. 

Second 100 rounds; time, 5 min. 28 sec. One cartridge failed to ignite. Dispersion of tails, 
22 in, by 19 in. 

Third 100 rounds ; time, t min. 57 sec. Dispersion of balls, 20J in. by 23 in. 

Fourth 100 rouuds ; time, 5 min. 7 see. Two cartridges failed to ignite. Dispersion of tails, 
24 in. by 20 in. 

Fifth 100 rounds; time, 4 min. 40 see. One cartridge failed to ignite. Dispersion of balls, 
24 in. by 20 in. 

The arm worked freely throughout this test ; the barrel was very little fouled. No leading. No 
signs of weakness or wear in any of the jiarts. 

V. Ann was exposed and fired as prescri!>ed in the fifth teat. It was very rusty, but worked 
freely throughout, and showed no signs of weakness or wear in any of the parts. 

VI. Arm whs subjected to the sand test aud worked freely; some sand was found in tlic inside 
of the guard-plate. 

VII. Arm was subjected to the salt-water test, and, though very rusty, worked freely. No signs 
of weakness. 

VIII. Arm fired with defective cartridges. No apparent escape of gas in the first three. Tho 
case of tlic second extracted with difficulty. (Ins escaped in the fourth and fifth, and in the sixth 
cartridge a flame was seen above the breech-block. It worked freely and was not injured. 
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IX. Arm tested for strength with increased charges. After the second charge the breech was 
opened with difficulty : another shell was not easily extracted. The chamber was slightly enlarged 
near the extractor. The piece otherwise uninjured. 

The breech-block of thiB arm differs from the one submitted to the Board from the Springfield 
armoury in that it is without a groove in its front underneath the barrel, and is somewhat stronger 
in rear of the pivoted pin. The shell extractor is placed somewhat nearer the bottom of tho 
chamber. 

. IL — Springfield Breech -loading Bifi.e Musket. 

Springfield Breech-loading Rifle Musket, cal, 50, No. 14,515, sent from Springfield Armoury. 

I. Was dismounted, examined, and found to consist of sixty-two pieces. 

II. This arm was fired with the United States’ cartridge for accuracy. 

III. Tho arm was fired for rapidity; time, 2 min. 33 sec. 

IV. Ann tested for endurance. 

First 100 rounds: time, 11 min. SO sec. Barrel slightly fouled. 

Second 100 rounds; time, 11 min. Distance Ixitween extreme shots, 22$ in. 

Third 100 rounds ; time, 11 min. Distance between extreme shots, 17$ in. 

Fourth 100 rounds; time, 10 min. 30 aoc. Distance between extreme shots, 21$ in. 

Fifth 100 rounds; time, 0 min. 30 sec. Distance betwoen extreme shots, 21 in. 

One cartridge failed to ignite during this test. Barrel slightly fouled ; no lending. 

Tho arm was cleaned and examines! ; no sign of weakness or wear in any of the parts. The 
extractor worked well, throwing the cases clear of the piece in every instance.' 

V. This arm was exposed and fired, as prescribed in the fifth test, from April 7 to April 10, and 
workod freely throughout this test. It was very rusty, especially in the receiver. No signs of wear 
or weakness in any of the parts. 

VI. The arm was subjected to the sand test. It worked freely throughout this test ; but very 
little sand remained in the receiver. 

VII. Arm was subjected to salt-water test, and was quite rusty. It worked freely ; do signs of 
wear or weakness. 

VIII. Ann fired with defective cartridges. No apparent escape of gas in the first three. These 
shells extracted easily. In the fourth some gas passed tip the firing-pin, and blackened the face of 
the hammer. Great escape of gas from tho fifth and sixth. No signs of weakness or injury in any 
of tho parts. Tho gun worked well. 

IX. Arm was tested for strength with the increased chargee. The effect of tho second chargo 
was to blow off the entire base of the case. No injury to the piece. Great escape of gas. Gun 
worked stiffly. Arm examined. No signs of wear or weakness in any of the parts. 

III.— Sharp’s Rifle Musket. 

Sharp's Rifle Musket, cal. 50, sent by Sharp's Rifle Manufacturing Company. 

I. Was dismounted, examined, and found to consist of seventy-eight pieces. 

IL This arm was fired with the Sharp’s (Martin) cartridge for accuracy. 

III. The arm was fired for rapidity; time, 2 min. 41 sec. One cartridge failed to ignite. No 
leading of the barrel. 

IV. Arm tested for endurance. 

First 100 rounds; time, 11 min. Two cartridges failed to ignite. Dispersion of balls, 11 in. 
by 13 in. Barrel slightly fouled. No leading. 

Second 100 rounds; time, 9 min. Thrco cartridges failed to ignite. Dispersion of balls, 
34 in. by 9 in. 

Third 100 rounds ; time, 7 min. Dispersion of balls, 10 in. by 9 In. 

Fourth 100 rounds; time, 5$ min. Dispersion of hulls, 15$ in. by 7 in. 

Fifth 100 rounds; time, 6 min. Eight cartridges failed to ignito. Dispersion of balls, 20 in. 
by 10 in. 

The arm worked freely throughout tho test. Fouling of barrel not increased after the first 100 
rounds. No leading. 

V. Ann exposed and fired, as prescribed in fifth test, from April 7 to April 16, and worked 
freely throughout the test. The front guard-screw was found to be broken. No other signs of 
wear or weakness in any of the parts. Arm slightly rusted. 

VI. The arm was subjected to the sand test. Two cartridges failed to ignite. Arm workod 
freely, and very little sand remained in the breech mechanism. 

VII. Arm subjected to tho salt-water test, and though quito rusty worked freely. No signs of 
wear or weakness. 

VIII. Arm fired with defective cartridges. In the fourth cartridge gas passed up tho firing- 
pin. Gas escaped from above and below the breech-block. Piece not injured. 

IX. Arm tested for strength with increased charges. The second charge blew off tho base of 
the case, so that the extractor could not remove it from tho chamber. Piece not injured, atul 
worked freely. 

IV. — Morgen stern Rifle. 

Morgenstem Rifle , cal. 42, sent by Herman Boker and Co. 

I. Was dismounted, examined, and found to consist of forty-four pieces. 

II. This arm was fired for accuracy with the Berdan cartridge (greased). Three cartridges 
failed to ignite. 

III. The arm was fired for rapidity; time, 2 min. 46 see. Ten cartridges failed to ignite. Tho 
cartridges were partially freod from the external lubricant on the ball patch, and the arm again 
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fired for ranidity : time, 2 min. 25 tee. Seven cartridges failod to ignite. Stock slightly split at 
the recoil shoulder on both sides of the barrel. 

IV. Ann tcstixl for endurance. 

First 100 rounds; time, 14 min. 30 see. Dispersion of balls, 30 in. by 12} in. Many of the 
cartridges failed to ignite. 

Second 100 rounds. The seventy-fifth cartridge failed to ignite, after which twelve cartridges 
were tried, and all failed to ignite. Arm removed, as it would not ignite the cartridges. 

The same breech mechanism having been fitted to the Springfield barrel, cal. 50 (sent with tho 
rifle), was again tested for endurance with the Sharp’s (Martin) cartridge, unpatchcd ball. 

First 100 rounds; time, 6 min. 8 sec. Dispersion of balls, 20 in. by 32 in. Twelve cartridges 
failed to ignite. 

Second 100 rounds. The seventy-eighth cartridge failod to ignite, as did several which were 
immediately afterwards tried. On examination of the breech-block it was found that the hammer 
shoulder washer was partially unscrewed, so as to prevent the point of the hammer from projecting 
sufficiently to ignite the cartridges. 

The arm having been cleaned, and the shoulder washer screwed into its proper position, it was 
tested again for endurance. 

First 100 rounds; time, 8 min. 22 sec. Thirty-five cartridges failed to ignite. Dispersion of 
balls, 41 in. by 28 in. 

Second 100 rounds; time, 7 min. 15 sec. Thirty cartridges failod to ignite. Dispersion of 
balls, 25 in. by 10 in. 

Third 100 rounds ; thirteen cartridges tried ; eight failed to ignite. The arm was withdrawn, 
and a stronger spring (one sent with the arm for the United States, cal. 50 cartridge) was inserted, 
and the firing resumed. Dispersion of bulls, 14 in. by 16 in. Seven cartridges failod to ignite. 

Fourth 100 rounds; time, 10 min. 40 sec. Sixteen cartridges failed to ignite. Dispersion of 
balls, 34 in. by 22 in. 

Fifth 100 rounds; time, 6 min. 7 sec. All tho cartridges ignited. Dispersion of balls, 55 in. 
by 40 in. Barrel somewhat fouled slightly, and leaded. Tho main-spring did not work freely, 
owing to too much friction. 

V. This arm was exposed and fired, as prescribed for tho fifth test, from April 19 to April 28. 
The arm was very rusty in the inside of the receiver, but the working parts were free from rust 
and in good working order. The upper end of tho thumb-piece was broken during tho firing, and 
was replaced by one of a different pattern (sent with the arm). 

VI. Arm was subjected to the sand test, and worked freely throughout; and but very little 
Band remainod in the receiver. 

VII. Arm subjected to the salt-water tost, and though rusty worked freely. No signs of wear 
or weakness. 

VIII. Arm fired with defective cartridges. Gas escaped from the last three cartridges. The 
last one threw the hammer back to half-cock. Arm nninjnred. 

IX. Arm was tested for strength with increased charges. The second charge broke the face- 
plate off its shoulder and cracked it radially in five places. Hammer thrown back to half-oock. 
The base of the case was blown off. Except the face-plate, the pieoe was uninjured. 

V. — Maktini-IIexbt Rifle, Fig. 2836. 

1. — The Martini- Henry Rifle, cal . 45 (short breech-block}, sent by F. Martini, Switzerland. 

I. Was dismounted, examined, and found to consist of sixty-ono pieces. 

II. The arm was fired for accuracy, with the Boxer cartridge (bottle-shaped), paper-patched 
ball. In three instances tho hammer pierced the primer. 

III. Tho arm fired for rapidity; time, 6 min. Hixtccn cases were forced out with tho ramrod. 
In some instances the base became detached by the ramrod, and the remainder of the case was 
removed with pliers. 

IV. Arm tested for endurance. 

First 100 rounds; sixty shots fired. After tho fifth cartridge every case was removed with the 
ramrod, or with pliers. (>n examination it was found that the cases were covered with a lacquer. 
This wns removed from the remainder of the 100 rounds by means of alcohol. The cases were 
readily drawn by the extractor, with five exceptions, when tho ramrod was applied. Dispersion of 
balls, 17 in. by 27 in. 

There being but 250 cartridges received for each Martini rifle, the number of cartridges used 
in most of the tests for these arms was necessarily reduced, and ono test omitted. One hundred 
and fifty cartridges were to be used in the fourth test. 

Fifty rounds, from some of which the lacquer was removed, were fired. Tho ease of those from 
which the lacquer was wiped extracted easily ; the others it was necessary to force out with the 
ramrod. In one instance the extractor removed the iron base of the case without starting the shell, 
and it was removed with pliers. The case of the forty-sixth cartridge could not be removed, even 
with the rammer and pliers. Tho test was discontinued. Tho arm worked stiffly throughout this 
test. The fifth test was omitted. 

VI. Arm subjected to sand test ; throe shots fired. After the first shot the sand was sifted 
over the breech mechanism, closed, and one shot fired. Then the sand was sifted over the breech 
mechanism when open, and one shot fired. The breech mechanism worked freely, but did not 
extract the cases. Sand was found in the receiver, on tho guard-plate, and in rear of the breech- 
block. 

VII. The arm was subjected to the salt-water test, and four shots fired. Arm somewhat rusted, 
but worked freely. In each instance the cases were extracted by the extractor on second trial. 

VIII. Arm tested with defective cartridges. No escape of gas from the first three cartridges. 

5 B 
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Go* escaped at tbe breech-block from the fourth and fifth. Great escape of gas from the sixth 
cartridge. The lever was unlocked, and the breech-block waa slightly lowered. 

IX. Arm tested for strength by firing increased charges. Gas escaped from tho breech and 
unlocked the lever. Arm uninjured. 

No signs of wear or weakness, with the exception that the lever was unlocked in one instance 
by firing a defective cartridge, and in two instances hy firing increased charges. 




2 . — The Martini Rifle, cal. 45 {long block), sent by F. Martini , Switzerland. 

I. Was dismounted, examined, and found to consist of sixty-two pieces. 

II. The arm was fired for accuracy, with the Boxer cartridge (cylindrical paper-patched ball), 

III. Arm fired for rapidity ; time, 2 min. 38 sec. The cases were not extracted in every instance 
the flr»t time tho breech-block was opened. 

IV. Arm tested for endurance with 150 rounds. 

First 100 rounds; time, 12 min. Dispersion of balls, 35 in. by 43 in. Two cases were removed 
with the ramrod. In one instance the base of the shell was removed hy the extractor without start- 
ing the case. Tho baso was pulled off by the extractor without starting the case, which was 
removed with pliers. In some instances the primers were pierced. 

Fifty rounds. Dispersion of ball. 43 in. by 21 in. The cases, with three exceptions, were drawn 
by the extractor. Arm worked stiffly ; barrel slightly fouled ; no leading. 

V. Weather test omitted. 

VI. Ann subjected to the sand test ; three shots fired. After the first shot, sand was sifted over 
the breech mechanism, closed, and one shot fired ; then sand was sifted over tho breech mechanism 
open, and one shot fired. After the second application of sand, the firing-pin at first did not come 
in contact with the cartridge, but did after several trials. Arm worked stiffly, and with a grating 
noise. On examination sand was found in the receiver, in the notches of the tumbler, among the 
pieces attached to the guard-plate. 

VII. Arm subjected to the salt-water test, and four shots fired. Arm did not cock at first every 
time the breech was entirely opened, but did after working it some time. Extractor started the 
cases, bat did not draw them from the chamber. 

VIII. Arm fired with defective cartridges. No escape of gas from the first and third cartridges. 

» Gas escaped from the second, fourth, and fifth cartridges. The sixth cartridge unlocked and slightly 

depressed the lever. The upper stud of the safety device was blown off. Heavy escape of gas 
below the breech-block. 

IX. Arm tested for strength, by firing with increased charges. Gas escaped from the breech, 
and unlocked the lever. 

With the exception above, no sign of wear or weakness in any of the parts. 

VI.— WARi>-Brjm>N Rifle, Figs. 2837 to 2843. 

The Wanl-Burton rifle is the most perfect and complete breech-loading fire-arm that has fallen 
under our notice ; this fact will be proved in the sequel. 

The Ward-Iiurton Rifle, cal. 50, sent by W. (J. Hurd, Net e Fork. 

I. Was dismounted, examined, and found to consist of fifty-seveu pieces. 

II. The arm was fired with the United States’ cartridge for accuracy. 

III. The arm was fired for rapidity; time, 2 min. 21 sec. 

IV. Arm tested for endurance. 

First 100 rounds; time, 5 min. Distance lietwfM-n extreme shots, 59 in.; lmrrel much leaded. 
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Second 100 rounds; lime, 5 min. 35 see. Distance between extreme shots, 57 in. 

Third 100 rounds ; time, 5 min, 10 sec. Distance between extremo shots, 58 in. 

Fourth 100 rounds; time, 4 min. 30 sec. Balls wild; pin turned on the river; barrel very 
much lead**!. 

Fifth 10O rounds; time, 4 min. 20 sec. Balls thrown on the river. 

Arm worked freely; no signs of wear or weakness in any of tho parts; cases easily extracted, 
and thrown clear of the piece. 

V. This arm was exposed and fired as prescribed in the fifth teat, from April 7 to April 16. 
Ann rusty, but worked freely; no signs of wear or weakness. 

VI. The arm was subjected to tho sand test. It worked freely, and very little sand was found 
in the breech mechanism. 

VII. Arm subjected to the salt-water test. The arm was rusty, but worked freely. No signs of 
wear or weakness. 

VIII. Arm fired with defective cartridges. Blight escape of gaa from tho last throe cartridges ; 
piece uninjured. 

IX. Ann was tested for strength with increased charges. Piece uninjured; shells were ex- 
tracted with difficulty. 

The Board remained in session, experimenting with and discussing the various arms and other 
devices presented to them, until the 10th of June, 1870, when they adjourned, after having submitted 
the following report. 

We add tho following recommendations and report as a specimen of American official jobbery, 
which is not far bchiud tho best French or English specimen ; what pulled the wires, in this case, 
wc are unable to say. 

Office Board on Tactic*, Small Arms, St. Louis , June 10, 1870. 

General K. D. Townsend, Adjutant-General U. 8. Army, Washington, D.C. 

General, — The Board of officers appointed by General Orders No. CO, head -quarters of the army, 
Adjutant-General’s Office, August 6, 1869, and whose duties were enlarged by General Orders 
No. 72, of October 23, 1869, have the honour to submit the following report upon the subject of 
small arms and accoutrements for the use of the army of the United States ; — 

Small Arms. 

We respectfully refer, first, to tho accompanying list of Arms, accoutrements, &c., submitted for 
examination ; second, to the daily record of proceedings, giving the plan adopted by the Board for 
testing the qualities of the various systems of arms submitted, the record of those testa and their 
results in detail ; and, third, an abstract from the record, giving a history of the experiments with 
each arm. In addition to the recorded experiments, each arm was manipulated and its ports 
minutely examined by the members of the Board. Our investigations have been limited to the 
detenu illation of the relative merits of the various systems of breech-loading small arms, without 
regard to questions of calibre, rilling, ammunition, &c. The main elements of excellence considered 
are strength, durability, and simplicity of breech mechanism ; ease, certainty, and rapidity of firing ; 
and security against injury to arms, or accident from uso in tho hnntls of troojis. The records of 
details develops! in the various experiments Itavo only been made as incidental to the important 
tests above enumerated. 

The following are the results of the deliberations of the Board, in view of our experiments with 
and examinations of the several systems of small arms. Wo have selected the following six systems 
for infantry musket in the order of relative merit;— (1) the Remington; (2) tho Springfield; 
(3) the Sharp’s; (4) the Morgenstcrn; (5) the Martini-Henry; (6) tho Ward-Burton. 

For cavalry carbines the order of merit is, in the opinion of the Bonn!, the sAme as for muskets; 
hut it is regarded as essential for cavalry service that the Remington carbine be so modified as to 
load at the half-cock. 

Only the first three systems named possess such superior excellence as warrants their adoption 
by the Government for infantry or cavnirv without further trial in the hands of troops. Of theso 
three, considering all the elements of excellence and cost of manufacture, the Board are unanimously 
and decidedly of the opinion that the Remington is the best system for the army of the United States. 

Of the breech-loading pistols submitted, the Board have selected the following six in the order 
of their relative merits ;—<l) the Remington single-barrelled pistol, with guard, centre fire ; (2) the 
Smith- Wesson revolver; (3) the Remington revolver No. 2; (4) the Remington revolver No. 5; 
(5) the Remington revolver No. 3; (6) the Remington revolver No. 4. The Remington is the only 
single-barrelled pistol submitted. It is an excellent weapon, but should he bo modified as to load 
at half-cock. The Binith- Wesson is decidedly superior to any other revolver submitted. It should 
be modified as follows, namely : made centre fire ; the cylinder lengthened so as to close the space in 
front of the breech-block, and countersunk to cover tho rim of the cartridge ; calibre increased to 
the standard. The main-spring of the Remington arm should be strengthened, so os to increase the 
certainty of fire ; also the plunger should be mado to strike more accurately the centre of the base 
of the cartridge. 

The Board respectfully recommend that all small arms be mado of the same calibre. Large 
calibre is regarded as even rnoro important for pistols and revolvers than for arms of longer range. 
Pistols and revolvers should have the saw-handle so shaped that in bringing the weapon from 
the holster to an aim it will not be necessary to change the first grasp or bend the wrist. Tho 
charge of powder for the pistol cartridge should be increased as much as tho strength of the weapon 
will justify, the limit to be determined by suitable experiments. 

It is the opinion of the Board that cavalry armed with the sabre should have one or two single- 
barrelled pistols as a substitute for the carbine ; and that cavalry armed with the carbine should 
have a revolver as a substitute for the sabre. When time will permit, cavalry troops should be 
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instructed in the use of all these arms ; and all should be kept on hand with small bodies on the 
frontier, where every variety of cavalry service may bo required. In large bodies of cavalry a 
portion should be armed with the carbine and revolver, and the rest with the sabre and pistols. 

The Hoard recommend that the present dismounted officers’ swords be exchanged for a small 
sword, light, straight, and with metallic scabbard; that company non-commissioned officers’ swords 
be dispensed with— first sergeants to retain the sash ; musicians to have a pistol instead of a sword. 
Light artillery should bo armed with the revolver instead of the sabre. All small arms should be 
made more uniform on the trigger than those now in use. The traction for muskets and carbines 
should be from 6 to 8 lbs. ; that for pistols 4 to 5 lbs. The sights of all rifled arms should be finer 
than those now in use in tlie army. In the Remington musket and carbine the comb of the hammer 
should be made longer, and modifiod in shape so us to rest inoro easily on a man's arm while at 
a support. The face of tho hammer should be somewhat rounded, so as to avoid cutting tho 
hand in opening the breech. The Board recommend that the barrels of all small arms shall bo 
browned. 

Bayonets. 

Tho trowel bayonet presented by Lieutenant Rice is beliovod by the Board to bo a valuable 
substitute for the common bayonet, on account of its great usefulness as an intrenchiug tool. It 
also appears to be quite as formidable a weapon as the other. This, however, depends greatly on 
the conception of the soldier who may 1 st armed with it. The Board, therefore, recommend that 500 
trowel bayonets be manufactured and placed in the hands of twenty or twenty-five company com- 
manders whose companies are skilled in tho bayonet exercise, and that they be instructed to try 
them with special reference to the morale upon their men. If this test prove satisfactory, tho Board 
recommend that the trowel bayonet be adopted to the exclusion of all others. 

Cartridge Boxes. 

The following appears to the Board to bo the order of relative merit of the cartridge boxes sub- 
mitted; — (1) Lieutenant J. Butler’s pouch; (2) Lieutenant J. Butler’s box; (3) General Dyer’s 
pouch ; (4) Lieutenant C. L. Best’s box ; (5) Colonel 8. Crispin's box ; (6) Lieutenant-Colonel 
Roberts’ box. Neither of those named seem quite to meet the present wants of the infantry soldier. 
The Board recommend the adoption of a form of pouch, a rough sample of which is submitted with 
this report, which shall fulfil the following conditions, namely ; The pouch to be of soft leather, except 
its face and oover, to bo lined with shcc|>skiu, and to bo of the size and shape to contain one packet 
of cartridges ; the jwvckage to contain twenty-fpiir cartridges arranged in three rows. Tho pouch 
will contain the same number of cartridges emptied into it loosely. Each man should be provided 
in time of war with four of these pouches, to be properly distributed upon his belt. The cartridges 
should remain in the original packages until required for use, when one package at a time should 
be broken and tho cartridges emptied loosely into tho pouch for most convenient handling. In 
this manner a man will easily carry ninety-six rounds. In time of peace one or two pouches will 
be sufficient. 

Equipments. 

The six sets of infantry equipments selected by tho Board are arranged in the following order 
of relative merit;— -<1) Penrose’s equipments, complete; (2) Baxter’s equipments, complete; 
(3) Sherlock's equipments, complete; (4) Seymour’s knapsack; (5) Clifford’s knapsack; (6) 
Mizner’s knapsack. The Board ao not regard either of those submitted as a satisfactory solution 
of the important and difficult question of the best form of infantry equipments. 

Tent Overcoat. 

Tho tent overcoat submitted by Charles Ewing, attorney, is not regarded by the Board as a 
good substitute for both the shelter tent and poncho, although it would answer well as a substitute 
for either one or the other for infantry. It would not be a suitable substitute for the poucho for 
cavalry. In view of these facts, and of tho great number of shelter tents and ponchos now on 
hand, it is not thought advisable to recommend the adoption of the tent overcoat. 

Picket-pin. 

Tho Board recommend that the picket-pin submitted by H. W. Lyon, blacksmith Third U. S. 
Cavalry, be adopted instead of the one now in use. 

BAYONET-SCAnnARD ATTACHMENT. 

The Board also recommend the Adoption of Geneml Hoffman’s modification of the bayonet- 
scabbard attachment, as being equally applicable and valuable with the common or trowel 
bayonet. 

All other articles submitted to the Board were examined, as well as those specially Darned in 
this report and in the daily record, but none except those specially referred to were regarded as of 
sufficient merit to require special notice. 

All of which is respectfully submitted. 

J. M. Schofield, Major-General. 

J. H. Potter, Lieutenant-Colonel Fourth Infantry, Brevet 
Major-General U.S.A. 

W. Merritt, Brevet Major-General, Lieutenant-Colonel 
Ninth Cavalry. 

•Tab. Van VoAtrr, Major Eighteenth Infantry. 

J. Hamilton, Brevet Colonel, Major First Artillery. 

Ordnance Office , War Department , July 8, 1870. 

Respectfully returned to the Adjutant-General. 
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The opinion expressed by the Board in regard to the relative merits of the several breech- 
loading systems for small arms is not wholly concurred in by this bureau, and is not, it is thought, 
sustained by the record of the proceedings whic.li accompanies this report, which shows tliat serious 
defects existed in the Remington arms, not observable in the Springfield or the Sharp’s, such as 
frequent failures to explode the cartridges, occasional sticking of the empty shell in the chamber, 
and the difficulty of moving the hammer and breech-block after firing with heavy charges. The 
first two of these defects, and also tho objection arising from the arm being loaded only at full- 
cock, have been brought to the notice of this bureau by tho commanding officers of all companies 
using this arm. These defects show that the Remington arm should not be adopted before being 
thoroughly tested in service. 

I agree with the Board that the Remington, tho Springfield, and the Sharp’s systems are 
decidedly superior to all other systems which have been brought to their notice, and 1 recommend 
that 1000 muskets and 300 carbines be prepared according to each of the three systems, and issued 
for comparative trial in service; companies of infantry and artillery to have an equal number of 
muskets of each system, and companies of cavalry an equal number of carbines of each system ; 
monthly reports on the comparative merits to be made regularly to this bureau by company com- 
manders, during a period of not less than twelve months after their first introduction into service, 
ujKin forms to be furnished by this bureau, which reports, at the end of twelve months, to be 
laid before a Board of officers, to be appointed to select a breech-loading arm for adoption by the War 
Department for tho military service. This detriment is now making the Springfield musket, 
and is preparing to make the Remington musket for the navy ; and it can readily have some of the 
Sharp’s rifles on hand converted into muskets. 

I recommend that authority be given to this bureau to purchase 1000 Remington single-barrel 
pistols, calibre 50. and 1000 Smith and Wesson revolvers of same calibre as onr army revolvers (as 
recommended by the Board), and to havo 1000 Remington revolvers altered after tho plan of revolver 
No. 2; these pistols to be issued for comparative trial in service, as in tho ease of the muskets 
and carbines. If the revolver is to be retained iu service, as I believe it should be, I do not think 
that the calibre should bo increased to 50, which is the established calibre for muskets and 
carbines. 

The recommendation of the Board that the barrels of all small arms be browned is not concurred 
in at this time. The Ordnance Board in 1808 recommended that “the sense of the army at largo 
be ascertained in regard to browning arms in the hands of troops,” and steps to that end have been 
taken, resulting in conflicting opinions from the field. Recently a Board of officers recommended 
that somo arms should be plated with nickel and tried in service, and measures have been taken 
by this department in that direction. A limited number of arms might be browned, as recommended 
by the Board, and tested in service with other arms. It is recommended that 500 trowed bayonets 
be made and issued, as recommended by the Board. The recommendation in regard to cartridge 
boxes is concurred in, and it is recommended that a small number of each kind be procured and 
issued to troops for comparative trial. The recommendations in regard to picket-pins and bayonet- 
scabbard attachments arc concurred in, ho far os they apply to future fabrications and purchases. 
All other recommendations which relate to and affect this department are concurred in. 

A. B. Dyer, Brevet Major-General, Chief of Ordnance. 

Headquarters of the Army, July 12, 1870. 

Respectfully submitted to the Secretary of War, concurring fully with tho report of the Board. 

W. T. Sherman. General. 



The recommendations of the Chief of Ordnance are approved by tho Secretary of War, July 
16, 1870. 



Edward Schriver, Inspector-General. 



The pious ardour of a political bishop, tho patriotism of a well-paid official, or tho extravagant 
views of an ordinary visionary inventor, may bo readily exposed and moderated or. damped by the 
application of a little sound reasoning, or by a trifle of common sense; but the bumptious preten- 
tions of the inventor of a breech-loading fire-arm cannot be quenched, — they are irrepressible. The 
gun inventor requires but a smattering knowledge of mechanics; indeed, he only requires to know 
how the old gun-lock was formed, and how o|)crated to strike a spark by the action of flint upon 
steel ; this old device, so well adapted to effect the purpose for which it was designed, he generally 
retains to effect a dissimilar purpose, namely, to explode the fulminate of mercury , of which we will 
speuk presently. 

Out of every 100 men taken at random we have estimated that 54, at least, have contrived a 
hrcech-loading fire-arm : to those of the remaining 46 who are not driving a wedge on some War 
Office, our remarks are addressed. 

To obtain tho full advantages from a breech-loading fire-arm, the following qualifications, 
marked A, B, C, &<*., are indisj)ensable. 

(A) . The arm should be light, strong, serviceable, cheap, and readily made. 

(B) . The breech action simple and easily understood ; the combined pieces easily taken apart, 
to effect cleaning or repairs, and afterwards easily united without the use of tools. 

(C) . The parts of the breech subject to motion should be well protected from sand, dirt, or wet; 
capable of long-continued and rapid firing without having but seldom to be cleaned. 

(D) . The gun should give a low trajectory with light recoil. 

(E) . The breech should resist squarely and effectively the force of the explosion ; it should have 
it* resisting power equally distributed all round the axis of the bore of the barrel. 

(F) . The breech should be so constructed that, in the event of a damaged cartridge being used. 
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or in the case of a cartridge bursting, as is often tho case, par- 
ticularly with the Boxer, the escaping gas should be directed 
off so that it could in no way injure the face or eyes of the 
soldier. 

(0) . The breech mechanism should be composed of but few 
parts, and be of a nature not easily damaged or broken when in 
use ; there should be few, if any, screws to be removed, so that 
in the event of a casualty the soldier can repair damages upon 
the Held of action without the aid of an armourer. 

(H). A breech-loading gun is not perfect that is confined to 
tho exclusive use of n special cartridge; and that cartridge 
should be fire and water proof, — not to be ignited by exploding 
of shells, or damaged by damp, rain, or from being transported. 

(1) . And, lastlv, a fire-arm should have the stock in one 
piece, and not made up of different pieces. 

The gun invented by Bethel Burton, with its details represented 
in Figs. 2837 to 2843, satisfies all the requirements which we have 
marked (AX (BX (CX &c. Besides, it is impossible, even when firing 
loose powder, to blow out the movable breech, which is suited to any 
calibre : the jritee weighs but 8 lbs,, and its penetration is great. 

The fire-arm represented. Figs. 2837 to 2843, has lately received 
some important improvements, which Burton has patented; the 
following description is taken from his specification ; — 

Fig. 2814 is a sicle view of tho arm, ready to fire. 

Fig. 2845 is a longitudinal section of tho same. 

Fig. 2846, the bolt and cover detached from the screw-support, with tho 
spiral spring and piston projecting from the chamber of the bolt. 

Fig. 2847 is the lever which works the bolt, with the screw-support 
attached. 

Fig. 2848 is a front view of the same. 

Fig. 2840 is a front view of the bolt. 

Fig. 2850 a view of the piston. 

Figs. 2851 to 2856 arc sections of my improved cartridge. 

In describing the {tarts, <i is the stock, b tho barrel, c the brooch, 
d the screw-support, </* the lever attached thereto, d 1 the spiral spring in 
the lever between the pin d* and screw d*, r is the cover and c 1 the bolt 
iu one piece, / the piston-rod, /* a rib on the piston, /* a groove iu the end 
of the piston, f* the finger or sear, f* the trigger, <j the spiral or main 
spring, A the extractor. A' tho pin for ejecting the cartridge, A 1 u pin for 
fastening in tho extractor, i a groove iu the breech at the end of the 
barrel, i 1 a hole through the breech into the groove, j a bevel on the under- 
side of the front end of the bolt, k the position of the hole for the pin A 1 
in the bolt, I the trigger-spring, m a stop-pin in tho screw-support, n a 
groove in the screw-support in which tho rib/ 1 works, o a groove in the 
finger /* and p a groove in tho after-port of the cover e, q a com or incline 
on the coupling or end of the bolt c 1 . 

Tho breech is bored out and secured to the barrel in tho usual way, 
and in tho rear end of the breech there is formed a sectional screw corre- 
sponding to the one oil the screw-support d ; tho whole of the threads of tho 
screw in the breech ore removed for | and ^ of an inch. The screw d ou 
tho support, Fig. 2847, is not cut close up to tho face of tho lever, for J and 
-,»* of an inch, but is left solid. A groove is made close up to the face of 
the lever, and down to the diameter of the bolt, and ono-half the distance 
from the face of the lever to the screw d, on the edge of which a l>evel is 
made to fit a corresponding bevel p in the cover e which forms a dovetail 
Tho screw-support d is bored out, as seen iu dotted lines ; tho cud of the 
bolt is turned down to fit; the thickness of the metal being divided, tho 
strength of both is equal. A hole is bored out in tho screw-support, and 
into the lever same size as the hole in tho bolt, for the piston and spring to 
work in ; the parts are then pushed into each other, and the lever turned, 
when they are firmly united together in the mamicr area in Fig. 2845. 
In order to prevent the lever from turning until in its proper place. Burton 
says, I make a hole in the lever to within -fa of an inch of the front face of 
tho lever. I then make an oblong hole, clear through, which leaves a 
shoulder on the inside. In the other end of the hole I fit a screw d*. I 
make a pin d 3 to fit in this hole by filing off two sides, which forms a 
shoulder or head ou tho pin, the head of which I make about fa of an 
inch, and place the pin in the hole; Ithen put in tho spiral spring, and 
the screw which keeps them in place. In tho rear end of the cover e I 
make a slot in which the point of the pin d* can readily enter. In coupling 
together tho bolt aud screw-support the pin d l is pushed back until the end 
of tho cover e conies against it. The lever is turned until the stop m meets 
the side of the cover e, the point of the pin d* then enters the slot in 
the cover and prevents the lever from turning until tho bolt is pushed 
forward, when the point of the pin d*, which projects above the top of 



U 



Digitized by Google 




1480 



FIKE-ARM8. 



the cover, strikes against the end of the breech at c, and is pushed back and out of the slot 
in the cover e, which allows of the lever turning, and uniting the sectional screw-threads of 
the breech with those on the screw-support, which support the bolt against the explosion of the 
charge; it is then in the position seen in Fig. 2844. When the lever is turned for the pur- 
pose of withdrawing the bolt, the pin rf* immediately enters into the slot of the cover as before. 
The bolt e l is bored out to receive the piston, as indicated by dotted lines; on the end of the bolt 
at q an incline or cam is cut on which the point of the rib / 1 of tho piston works. The rear end 
of the rib f 1 enters the groove n in the screw-support when the latter is united to the bolt ; when 
the lever is turned, tho rib /*, being in the groove n, causes tho piston to turn with tho lever, 
and the point of the rib to turn up the incline or cam q, compressing tho spring and forcing the 

E iston back, so that the face of the piston at /* docs not come in contact with the finger /* until the 
ilt is pushed forward, and tho sectional screws commence to engage in each other. Tho pressure 
of the spring upon tho piston is then transferred from tho cam on to the finger, consequently in 
opening or closing the breech thero is no force required. The bolt is allowed to move in and out 
by means of an oblong Blot x, X, in which the end of the finger p works. By making the 
coupling of the screw-Bupport, with tho bolt, behind the finger, I do away with the necessity of a 
cioss-slot to allow the bolt to work on the finger, by which I strengthen the bolt very materially. 
I strengthen tho bolt additionally by the cover and bolt being in one piece, tho cover serving for a 



strap in keeping together the bolt and screw-support. In the cover from A to A* I make a hole, as 
seen by dotted lines ; I take a wire tire sixe of the hole and form an extractor, a cross-pin A* in the 
cover e passes partially through the extractor and retains it in place. The pin A 1 being longer 
than the hole in which it works, projects into the slot x , x , so that when tho holt is pulled sharply 
out the end of the pin A* strikes against the finger /*. is driven forward, strikes tho head of tho cart- 
ridge, and expels it from the chamber of the breecn, as indicated in Fig. 2845. Upon the pin A 1 
there is a flat, and in the under-side of the bolt there is a set screw, the point of which passes up 
and on to this flat, on the nin A*, allows the pin to move in the hole, but prevents it from coming 
out The breech is forrnea so as to allow the bolt and cover to pass in and out ; a strap running 
from c to A, Fig. 2845, passing over the cover, gives the necessary strength. An opening is cut in 
the breech in front of the strap to allow access for a cartridge in and out of the chamber of tho 
breech, which opening is filled np by the cover e when in place, see Fig. 2844. In order to prevent 
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the arm from being fired until the bolt hi entirely screwed up, I groove the end of tho piston, and 
into this groove 1 cut an opening the thickness of the finger at /*, and on the finger./’ at u I cut 
a groove corresponding to the groove in the piston, which engage each other when the bolt is pushed 
home and the lever turned into the position seen at Fig. 2844. The opening in the piston /* is then 
brought oppositu the finger /*, the finger is then free to be pulhd down by the trigger /*. The piston 
is then released and is forced forward by the spiral spring <; delivering a sharp blow on the cap ; this 
blow ignites the fulminate and fires the charge. In order to carry the arm with safety when loaded 
and the breech dosed, a Imlt on the outside rear-end of the breech, resembling the bolt of a door, is 
made to enter a hole in the lever, which prevents the lever from turning, and while in that position 
the tongue and groove on the finger/* and piston f* engage each other, and prevent the possibility 
of firing the arm. To fin* the arm remove the bolt out of the hole in the lever, turn the lever until 
the screw-support is entirely screwed up, and the arm is again ready to fire. The safety against 
premature discharge of the arm is not depending on the tongue and groove on the finger and piston ; 
the end of tho rib/ 1 on the piston would come in contact with the cam q on tho bolt before the point 
of tho piston struck the cap, should the trigger be pulhtl before the breech-bolt was entirely screwed 
up, which makes the arm doubly safe. Should damaged cartridges be used, in order to prevent 
gas-escape from coming in the face and eyes of the person firing the arm and from clogging the 
bolt, thereby preventing its free action, 1 make a groove i in tho breech at tho end of the barrel. 
Through tho breech I moke a number of holes into this groove, ns seen at i 1 , Fig. 2844 ; the gas 
escaping from the damaged cartridges enters this groovo i and out through the holes « l iu the breech. 
I form a lip on the end of tho barrel. Fig. 2845, which I bevel off. 1 also bevel off the under-sido 
of the bolt j. as soon at Figs. 2845, 2846, and fit the end of bolt close up to the end of the barrel. 
The bevelled lin on the barrel allows the cartridge when placed in the chamber of the breech to 
slide into the chamber of tho barrel by the forward motion of the bolt, without the necessity of 
entering tho cartridge by hand into tho chamber of tho barrel, which very much facilitate* the 
loading of the arm. The end of the bolt being recessed forms a support for the head of the cart- 
ridge, and prevents it from dropping down from the hook of the extractor while it is being pulled 
out of the chain lier of the barrel, and expelled therefrom by being struck by the pin A 1 in the holt 
in the manner described. I, says Burton, make my cartridge case with tho base thereon of felt by 
one and the same process, after the manner of making felt hats, or by any other suitable means ; 
the base being formed smooth and even can bo more securely riveted to the metal base, Fig. 2854, 
than though the end of the case was turned round to form a base : the case may be made of sheet 
brass or other metal if desired. The rivet, Figs. 2853 and 2855, is made of brass or other suitablo 
metal, Fig. 2853, to form an anvil, but the rivet, Fig. 2855. may bo used with a loose anvil if pre- 
ferred. In putting together tho different parts of the cartridge, I place the rivet, Figs. 2853 or 2855, 
in the metal cup. Fig. 2852, and solder them together to prevent the gas escaping between them, 
and place them in the cartridge case. I place the base or head, Fig. 2854, on the outside, and turn 
the ends of the rivet over, riveting tlio whole firmly together, in the manner seen at Fig. 2850. 

The Prusauxn Needle-Gun, Fig. 2857. — This fire-arm does not possess in a high degroo the quali- 
fications (A), (B): it possesses (I), but is totally deficient in (C), (l)), (E), (F), (O), (II). A ls tho 
needlo-bolt furnished with projections a a ' ; the hinder part posses through a spiral spring. 

2SS7. 




B B is the lock for drawing tho needle-bolt back ; it is in the form of a little tube with a pre- 
lecting thumb-piece at one end, and a little tooth or catch (catching the projection a' of the needle- 
bolt) at the other ; it is, moreover, held in its place by the locking spring 6, but can be drawn bock 
when b is pressed down. 

C C is tho chamber, also tubular, in which is fixed the needle-guide d. This chamber slides 
backwards and forwards in the outer case, by an action precisely similar to a street-door bolt, and 
it is furnished on the outside with a knob or handle by which to move it, bolt-fashion, a slot being 
cut lengthwise in it to allow it to pass the catch A. Its bevelled or conical end exactly fits the 
corresponding bevelled or conical end of the barrel, and it is forced into close contact with the 
latter by a sidewise motion of the knob, which motion, by thrusting the base of tho knob c against 
the slightly inclined edge /of a slot in the outer case, jams the two bevelled surfaces together, and 
thus tightly closes the breech, 

D is the trigger actiug upon the spring and thus upon the catch A. The upper surface of the 
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trigger’ll horizontal ann takes its purchase against the under-side of the case, and is furnished 
with three knuckles or points of pressure ; according as any one of these knuckles is pressed 
against the case (by pull upon the trigger), so will the catch A be drawn down to a greater distance. 
The first one is in bearing when the gun is out of use, or immediately after firiug ; when the second 
or middle one is brought to bear, the catch A is drawn down sufficiently to allow the needle-bolt 
shoulder a to pass over it ; when the third is brought to bear, A is so far withdrawn that the whole 
of the lock-tube B B will pass over it, so that a soldier can, if necessary, disable his gun in a 
moment ; if he has to retreat, leaving his gun behind him, he merely pulls the trigger very hard 
and draws B B out by the thumb-piece, and he leaves behind him an empty, useless barrel. 

The various parts are thus manipulated in the process of loading and firing ; — 

First, the thumb is pressed upon the spring 6, and by means of the thamb-picco the small lock- 
tube is drown back, palling with it — by means of the little tooth at the opposite end — the needle- 
bolt, till the shoulder a is caught behind the trigger-catch A. Then, by pulling the kneb a little on 
one side, and at the same time pushing it towards the butt-end of the stock, the chamber C C, with 
the needle-guide, is slid back, and a clear space is left in that part of the case which is in our 
drawing occupied by the needle-guide. Through the opening thus made the cartridge is inserted 
into the end of the barrel, as shown by the dotted lines in the diagram. The chamber is thou 
bolted up again, and the thumb-piece (and so the lock) is pushed forward to its original position. 
The position of things is then just as shown, with the exception that the needle-bolt, and with it the 
needle, is held back by the shoulder a, catching against the trigger-detent A, the spiral spring being 
of eoureo compressed or in tension. The gun is then ready for firing, the trigger is pulled, A is 
drawn down, and the spring, released, darts the needle through the guide into the cartridge, the 
blunt end of the needle sharply striking the fulminate and thus igniting the charge. 

The barrel of the gun is, in the latest pattern, 32 in. long and ^ of an inch bore, the breech end 
being widened out to admit the cartridge easily ; and it is rilled with four grooves, of an inch 
deep, the rifling taking one turn in 28$ in. The total weight of the gun, without the sword- 
boyonet. is 10] lh«. 

The chief objections to the needle-gun are doubtless the danger attending the transportation of 
its paper cartridge, and the delicacy and complication of its mochanical arrangements. Tho cart- 
ridge, unlike the metallic, does not assist in any way to prevent tho escape of gas breechwards, so 
the junctiou of the chamber-closer or breech-bolt with tho barrel must be a perfect mechanical fit, 
like the safety-valve of a steam-boiler. If a little sand were to get into the joint, an injurious 
escape of gas would be inevitable. 

The Peabody Gun is represented in section. Fig. 2858. A A is the breech-block hinged on the pin B ; 
C is the pin, or striker, which transmits the blow from the hammer to the cartridge, aud which is 

2S5S. 




capable of a small sliding motion, determined in amount by the pin passed through the oval hole O. 
In order to open the breech, the trigger-guard is drawn down, by which the breech-block A is 
depressed, ami, catching on the lower part of the elbow-lever D, jerks out the empty cartridge case. 
By cocking the piece, inserting a fresh cartridge, and pulling up the guard-lever, the gun is again 
ready for firing. This arm is very deficient in the quail float ions (A), (B), (C), (E), (6), and (I). 

The gun of Albini and Braedlin, Fig. 2859, is on the Mont Storm system, calibre 0*462 in., 
adapted for central-fire cartridge. Breech arrangement put on as a shoe. The piston or striker 
passes through the longitudinal axis of the breech-block, and receives the blow of a horizontal bolt 
worked by the lock. The extractor consists of two simple forks hinged on the pin of the breech- 
block, a projecting catch on the back of tho fork meeting a similar projection on the block, which, 
in being turned back, acts as a lever to extract the empty cartridge case. Ammunition ; special 
cartridge, length 3-4 in., weight 689 grains; bullet cylindro-conoidal, with a basal cavity packed 
with chopped blotting-po|K»r, weight 480 grains; charge of powdef 08 grains. Weight of sixty 
rounds packed, 6 lbs. it will be seen by a reference to Fig. 2859 that the rifle is a combination of 
the Mont Storm and Snider systems, the arrangement of the extractor being the chief novelty. 
The breech-block B is here shown open, and the cartridge extractor E in the art of drawing tho 
empty cartridge C. It possesses one or two improvements on the Snider rifle. For instance, if the 
cartridge does not go home fully, the breech of the Snider cannot be closed, whilst in the case of 
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(he Braedlin (be mere cloning of the breech helps to force the cartridge to its piece. Again, the 
axis of the striker is in a line with the axis of the barrel, and thus the cap in the cartridge, being 
struck more fairly, stands a better chance of ignition, and the protrusion of the exploded cap 
cannot, of course, prevent the breech from being opened. It is scarcely necessary to remark that 
this fire-arm is deficient of the qualifications (A). (B), (C), (E), (G). 




The Albiai-BraeUiin Gan. 

Tht Chostepoi Rifle, Fig. 2860, the weapon of the French army. This fire-arm does not possess in 
a high degree the qualifications marked (A), (B), and is totally deficient in those marked (C), (E), 
(F), (G), (H). This is a needle-gun. The fulmiuate is not in front, but in rear of the charge, and is 

2 * 60 . 




contained in an ordinary copper cap. The chief feature of the invention, however, consists in the con- 
trivance adopted for preventing the escape of gas breech wards. The hermetic closing of the breech 
parts is obtained by tne instantaneous compression, under the action of the explosion, of a vulcanized 
caoutchouc washer interposed between the front face of the breech-bolt and a flange, or shoulder, 
upon the needle-guide. The needle-guide being movable, and the front face of the bolt being 
fixed, the indin-rubber washer is nipped between them. The washer and tho flange or shoulder are 
of a little leas diameter than the breech in which thev ore fitted, so as to facilitate their play therein, 
but the diameter of the front face of the breech-bolt is, as nearly as possible, equal to the inDer 
diameter of the breech. When the explosion takes place, the pressure transmitted by the movable 
needle-guide to the washer is such, that the latter is compressed sufficiently to close hermetically 
the rear end of the barrel and thereby prevent all gas-escape. After the charge is fired, and the 
pressure removed, the washer, by virtue of its elasticity, returns to its natural position. The Ting 
or washer is composed of three layers of different degrees of hardnetui, the two outward layers being 
of much harder substance than the centre one, so that on being pressed the intermediate layer, which 
is perfectly elastic, expands. A reference to Fig. 2860 will explain the nature of this breech -closing 
arrangement. The india-rubber ring a is compressed by the needle-guide C between the washers 
r, b, when the charge is ignited, and is therefore forced to fill the barrel in which, in its normal state, 
it iB a loose fit. 

The following particulars relate to the Cbassepot rifle ; — 



Weight.. 

Calibre .. 

Range .. 

Weight of cartridge . 
Weight of ball 
Weight of charge 
Number of grooves 



French measurement. 

4 kilos. 50 grammes .. 

11 millimetres 

1000 metres 

31 grammes .. 

24 r. 

H - 

4 



English mreutuTfmcrrt. 

8 lbs. 14 ozs. IS drs. 
•433 in. 

J004 yds. 

478*4 grains. 

370-4 „ 

34*8 „ 

4 
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The Martini- Henry Rifle, Fig. 2836, in which a, barrel; 6, body: c, block; d, block axis-pin : 
e, striker ; /, main-spring ; a, stop-nut ; h, extractor : i, extractor axis-pin ; j, rod and fore-end 
holder ; k, red and foro-end holder-screw ; /, ramrod ; m, stock foro-end ; n, tumbler ; o, lever ; 
p, lever and tumbler axis-pin ; q, trigger plate and guard ; r, trigger ; t», tumbler-rest ; t , trigger and 
rest axis-pin ; u. trigger and rest-soring ; r, stock-butt ; if, stock-bolt ; *, lever catch-block spring 
and pin ; A, locking bolt ; B, thumb-piece. 

With regard to the so-called Martini gun, better known in the United States and Canada as the 
Peabody gun — in which places os well ns in Switzerland, with this arm numerous accidents havo 
occurred, and all trials with it have been unsatisfactory — the Woolwich committee on small arms, 
after two years’ investigation, we should have said dodging, at great expense to the nation, recom- 
mended its adoption as the best arm for the British soldier. Without hesitation we proclaim this 
truth, the Martini rifle is the most costly and difficult arm to manufacture, and it is deficient in 
every essential point from (A) to (I), with the exception of (D) and (F). 

Westley Richard Ride. — Fig. 2861 is a longitudinal section of a portion of a breech-loading fire- 
arm constructed on the Peabody Bystem. 




a is a portion of the barrel, and h the body or frame into the socket at the fore port of which 
the barrel is screwed ; c is the drop-block iointod at its rear end to the body ; d is the hand-lever 
for supporting and working the breech-block, it turns on a pin or axis ti l carried by the side cheeks 
of the body ; e is a small lever which by the spring c* is caused to bear on an incline on the boss of 
the band-lever, giving the hand-lever a tendency to remain at either end of its course ; / is tbo 
trigger plate and guard, it is fixed to tbo side chocks of the body by pins /* and /*; it carries the 
hammer g on the axis </>, the main-spring A, the trigger », and the sear A, which, as is shown, is 
mounted on the same pin as the trigger. The main-spring may cither press directly on the hammer 
or act upon it throngh a swivel or link. The sear-spring i is also carried by the trigger plate and 
pi&rd ; rn is the striker capable of sliding in a straight line in a hole bored and slotted for it in the 
breech-block c. Tho stop-pin n limits the motion of the striker in a backward direction and pre- 
vents it escaping from the block ; is a projection on tho striker with which, in opening the breech, 
tho inner end or arm d * of tho hand-lever d comes in contact, the striker is thus pushed back a short 
distance, sufficient to retire its nose beneath the face of the breech-block c, before the lever acts on 
tho block to cause it to drop. The back of the striker pushes back tho hammer until the breech is 
partly open, and then the sides of the drop-block act against projections </* on the hammer and carry 
it back until the full-cock bent upon it is caught by the sear. On shutting the breech the dro|>- 
block and striker return, leaving the hammer retained by the sear. On pressing the trigger, the 
sear-nose is lifted out of the bent and the hammer delivers its blow upon tho striker and tho cart- 
ridge is fired, o is the extractor, and p a level bolt for locking the trigger. 

Of this gun we have only to add, that its imaginary improvements consist of a confused complica- 
tion of its parts, and looks like an endeavour to evade the Penbody-Murtiui system, like which it is 
deficient in all the qualifications from (A) to (I), except (D) and (F). 

The Remington Rifle. — Fig. 283.') is a side view of tho breech. 

In this rifle there is no essentially novel feature in the stock a, barrel k or frame e. Bennington 
in his specification observes, ** I prefer to arrange tho hammer d centrally behind the swinging 
breech-piece r, and to form the some with an extension d\ which serves as a tumbler, and which is 
provided with notches 1, 2, for the trigger / to take into, but if desired a separate tumbler may be 
used, the hammer being then arranged at the side of tho breech. The breech-piece e which is 
curved on its upper surface to allow it to swing down in front of tho hammer d (or the tumbler) is 
bored or recessed from the rear to within a slight distance of its front surface c l which lies in con- 
tact with the cartridgo, this surface being perforated at c * to form a passage for the needle g. Tho 
surface s’ of the breoch-piece is quite plain or flat, and closes tbo breech perfectly without any valve 
or gas-check such as is ordinarily employed in breech-loading arms when paper cartridges are used. 
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Thn needle q is fixed by screwing or otherwise in the bolt or pm A which works in the recess or 
cavity s' in the breech-block « ; the said pin is kept back in the proper position to be struck by the 
hummer by a spiral spring i, and in order that this spring may not occupy any portion of the spaoo m 
the said cavity in front of the holt A, and shall leave the same clear for the advance of the holt when 
the some and the needle are driven forward, I make the said bolt hollow and insert the spring 
within the Barne. By this means the bolt A can be driven forward till its end A 1 is in contact or 
nearly so with the end of the recess <d. To allow the bolt A to be thus made hollow, the needle y, 
instead of being in the centre, is fixed near the periphery of the said holt and (as l now construct 
tho arm) above the centre of the same. In order that the bolt A may not bo driven too far forward 
tho breech-piece at the back of the recess or chamber c* is formed to act as a stop to the hammer </. 
To drive tue needle forward the re- 
quired distance, it is necessary in this 
arrangement of parts that the end of 
the hammer should follow the bolt some 
distance in the recess e*. For this pur- 
pose I form tho end of the said hammer 
with a circular or other shaped piece 
oP, which projects beyond the shoulder 
tP and enters the recess, the said piece 
being of such a length that the bolt and 
needle are driven far enough forward to 
effect the explosion of the cartridge be- 
fore the hammer is stopped. The escapo 
of the bolt or pin A from tho recess <* is 
prevent*^ by a screw or pin e* which is 
passed through the side of the breech- 
piece e, the front end of the holt being 
formed with a stop A 1 which will not 
pass over the said screw. It is desir- 
able that the distance between the 
centre of the barrel 6 and the axle-pin 
j of tho breech-piece e should be as 
short as possible, and for this purpose 
the circular part c 1 of tho breech-piece 
which surrounds the said axle-pin is 
made concave at c 6 on the Bide adjacent 
to the barrel b. The lower part of tho 
end of tho barrel which lies in this con- 
cave part has a portion of its exte- 
rior surface cut away at A 1 to make it 
conform to the shape of the concavity 
c* in the breech-picco. A compact 
arrangement of parts is thus obtained 
in which the free movement 
breech-piece i a not affected b 
proximity to tho barrel.” 
affected when 85 grs. of powder and 
480 grs. of lend are used; for, tho 
lower part of the barrel being cut away 
(to make room for the joint of tho 
breech-block), the force of the explo- 
sion presses that part down on the joint 
of the block, and prevents the block 
from being drawn or turned back to ex- 
tract tho cartridge by the pressure of tho 
hand; see test IX., page 1471. ‘‘Tho 
pin j end tho hammer-pin k are {sussed 
through both sides of the frame c.” 

This arm of Richards’ is greatly de- 
ficient in all our requirements marked 
(A) to (I). 

The so-called Berdan gun, Fig. 

2862, is merely a clumsy attempt to 
evade the patents of Bethel Burton. 

Fig. 2862 is a longitudinal vertical sec- 
tion of this breech-loader taken along 
the centre line of the barrel. The o|>en 
part of the breech A which receives the 
cartridge is provided at its lower part 
with a cavity d in which the dirt aud 
dust may be received. The extreme 
faces of this receptacle are provided at 
/ and g with two inclined planes. It 
may be remarked also that tho closing projection 6 of the movable breech C is on the one hand 
prolonged in front sufficiently far to afford space for tho screw R which secures the cartridge 



thus obtained 7 
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extractor above the hook of the latter, ami on tho other hand to form a stop for the bolt, which 
stop shall come in contact with the fixed breech when this bolt is pushed forward. The long 
collar or socket D which encloses the bolt C is shown of sufficient length to enable the spring H of 
the striker to be long enough to ensure a regular and certain action. 

The trigger-spring M operates on the end r of the shorter arm of the trigger, which in its turn 
transmits its action to the shorter arm s of tho curved tumbler or lever N. This lever is so con- 
structed as to enter the bottom of the full-cock bent or notch m during tho forward movement of 
the latter by reason of the end t of the tumbler N being situate above the axis on which the lever 
itself works. Care has also been taken to provide the half-cock bent or notch n with a heel, which 
prevents the end t of tho tumbler or lever N from being disengaged therefrom by any manipulation 
of tho trigger L. Tho rib or projection p in which are formed the bents m and n is ent with an 
inclined surface, so as to ensure the free play of the bolt C and the entrance of the point t into the 
bents. To tho undcr-sidc of tho breech-picce A there is fixed a blade-spring O, which at one end 
terminates in a curved surface P intended to facilitate the automatic introduction of the cnrtridgo 
into the barrel, whilst the other extremity of tho spring tends constantly to elevato the piece Q, 
which is provided with projections « and e; the projection m, Fig. 2862, is intended to restrict or 
limit the recoil of the bolt C by entering a notch x formed on the under-side thereof behind the 
enlarged extremity K ; thus it is simply requisite to press upon tho end of tho piece in order to 
remove or detach the bolt or sliding breech as well as the parts connected therewith ; the projec- 
tion u serves also by entering the notch x to prevent tho bolt C from sliding forward and closing 
the breech when the muzzle of the gun is inclined downwards. The second projection r of tho 
pioce serves as a stop or obstruction to the flange of the cartridge when it is drawn bock by the 
extractor I, and thus facilitates its automatic discharge from the arm. The extractor I is contained 
in the closing projection of the bolt C. It is maintained in its place by a screw It, against which 
it is constantly pressed by a helical spring S disposed at the rear end of tho part. The dimensions 
of the chamber which encloses the extractor are snch that the latter may have sufficient play 
therein to allow it to seize the flange it of the cartridge when moved forward with the bolt at the 
time of closing tho breech. In order to keep tho catch of the extractor lowered upon tho flango to 
during the whole time of opening the breech the upper surface of tho catch is formed with an 
inclination x bearing against the screw R, which thus serves to regulate the position of the ex- 
tractor in its sheath or chamber. Another inclined surface y causes the extractor to mount over 
the flange w of the cartridge case T at the momeut the catch or claw encounters the flange when 
forcing the cartridge into the barrel. 

Wc describe this arm, not for its merits, but because it is a good specimen out of the many we 
havo examined, to show how tho would-be inventor of a breech-loading fire-arm appropriates to 
himself tho ingenuity of others : snch cases fnlly represent how deficient are our Patent laws, which 
grant patents for tho same inventions over and over again, thus turning the Patent Office into a 
mock-auction shop, and thus enabling unscrupulous persons to set aside the honest meritorious 
inventor. This arm is totally deficient in (A). (B), (0), (E), (F), and (G). 

Fig. 2863 represents how the parts of J. H. Burton’s gun are combined ; it is a longitudinal 
section, a shows a portion of the stock ; 6, a portion of the barrel ; c is the sight ; d is the shoe in 
the cavity (between the breech d l and the bridge t/ 5 ) of which the cartridge is placed. The cart- 
ridge is forced into position for firing in the breech end of the barrel by the breech-bolt e ; this 
breech-bolt is formed to slide and turn easily in the shoe d and its foro end or face or head e 1 is by 
preference formed of hardened steel or of case-hardened iron and to screw into that end of the 
breech-bolt. To facilitate the turning of this part e 1 for its removal or replacement it is formed 
with a series of boles or recesses c* in its periphery adapted to receive the end of any suitable pin 
to act for the time as a lever in turning that piece e 1 for screwing it into or unscrewing it from the 
main part of tho breech-bolt e. f is the hammer, in the fore end of which is fitted the striking 
pin g for exploding the cartridge and thereby firing the charge, ns is well understood ; h is tho 
hammer-spring, which is of a helical form and rests at one end against tho end of the chamber 
formed for it, as shown in the breech-bolt e, and at the other end it rests against the collar /* on the 
hammer, with a tendency to force the hammer forwards with an elastic force. Tho collar /* is 
formed to screw on to the end of the hammer / as a nut, facility for the application or adjustment 
of which is obtained by the head e 1 of the bolt e being movable. The end of the chamber in the 
bolt e thus acta as an abutment for one end of the helical hammer-spring A, whilst the nut p acts 
as an abutment for the other end of it. This collar or nut p is formed to touch the interior of the 
breech-bolt e at ports of its surface, the other parts of its surface being cut away to admit of the air 
contained in the chamber of the breech-bolt freely passing from ono side to the other of this collar 
os it moves in that chamber with the movement of the hammer. Tho hammer / is formed with a 
strong fin or projection /*, which when the parts are in the position for firing is capable of sliding 
in a longitudinal opening or slot provided for it in tho breech-bolt c. The lower edge or surface 
of this fin or projection f 4 also passes into a groove «* formed for it in the rear extension i of the 
shoe d, or it may be in a plate separate from it. Across the lower edge or surface of this fin f* is 
also formed the full-cock notch 5 and the half-cock notch 6 to receive the nose,; 1 of the sear j. The 
brcoch-bolt at its rear end is also cut away in order tliat when the hammer is drawn back so that 
the nose p of the sear enters the notch 5, the fin or projection f* is out of the slot in the breech- 
bolt ; the breech-bolt may then be turned partly round by acting on the Imndle so as to bring 
the projection c* coincident with the opening formed for its passage in the bridge <P, and thereby 
admit of the breech-bolt being drawn back. The projection c 4 on the breech-bolt e, when the parts 
are in position, with its rear end abutting against tho bridge rf*, serve* to hold the breech-bolt 
with its face or head c 1 correctly in the breech end of the barrel, and this projection c* in connection 
with the bridge </* receives the shock of the discharge. In the turning and subsequent back move- 
ment of the breecb-bolt the hammer passes from being held by the sear j to being hold by its 
shoulder /?, renting against the rear end of the brroch-bolt, by which, although the hammer is held 
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as it were at full-cock, it it aim* so held by tho rear end of the brooch-bolt aa to render it impossible 
for it to be impelled forward prematurely to explode the cartridge whilst the breech-bolt ia in any 
position other than that for firing. The case of each discharged cartridge is after firing withdrawn 
from the barrel by means of the plate /, 
which ia capable of sliding in a groove 
formed for it in the lower |iart of tho 
shoe, and at one end this plate / is 
formed with a projection P to catch on 
the projecting edge or rim of the cart- 
ridge case, and at the other end it ia 
formed with another projection /* to 
pass into a compound longitudinal and 
transverse groove formed in the und«- 
aide of the brooch-bolt. The part c 7 of 
this compound groove is in a line pa- 
rallel with the axis of the breech-bolt, 
and at its fore end a shoulder is formed 
to it by the head or face r 1 ; this part 
€* is of length sufficient to admit of 
the breech-bolt being withdrawn some 
distance before the extractor acts upon 
tho cartridge case to withdraw it, and 
the momentum thus obtained by the 
breech-bolt renders tho action upon 
the spent cartridge case more effective 
to withdraw it in the case of its stick- 
ing in the breech end of the barrel. 

The transverse portion of this groove 
serves to receive the projection P and 
admit of the turning of tho breech- 
bolt t when it is fullv in its place in 
the rear or breech end of tho barrel. A 
stop limiting the longitudinal motion 
of the breech-bolt backwards is thus 
provided by the projection P on the 
rear end of the extractor acting in con- 
junction with the shoulder formed by 
the movable head e l of the breech- 
bolt, and the rear end or termination 
of the groove in the shoe in which the 
extractor slides. The sear j is sup- 
ported to turn upon an axis j 9 carried 
by lugs projecting from the under-side 
of the shoe d. The lever f of tho sear 
is in position to be acted upon by tho 
trigger m, and it is borno upon by the 
spring n also affixed to the shoe d with 
a tendency to bear the nose of the sear 
j towards the hammer in order that 
tho scar may properly engage tho 
tumbler notches 5 and* 6 formed on 
the projecting fin f* of the hammer f. 

J. H. Burton’s gun is totally deficient 
in (C), (E), (F), and is a combination of 
the Bethel Burton and the Chaasepot. 

The Snider Gun, Figs. 2804 to 28(56. 

This fire-arm is deficient of the 
essential properties marked (A), (B), 

(K), (G). 

The mechanism is extremely rude, 
the breech-block hingca upon a side 

f in anil workM backwards and forwards, 
t is kept in its place by a small spring 
stud a, Fig. 2860 ; this stud has been changed from time to time from the breech to the block and 
from the block to the breech. 

The ignition is effected by means of a small piston or striker, which passes through the breech- 
block and which when in repose is flush with the face of the block. A blow of the hammer causes 
it to dart forward about a tenth of an inch into the cap which is fixed, as shown in Figs. 2865, 2866. 
The piston is returned by a spiral spring. To withdraw the empty cartridge case, a claw or ex- 
tractor forma port of the breech-block. When the block ia withdrawn tho empty cartridge is neces- 
sarily drawn with it, and by canting the riflo sideways the case is thrown out The extractor is 
returned by another spiral spring. 

Snider’s gun proposed in 186(5 is illustrated by Figs. 2867 to 2870. 

Fig. 2807 is a longitudinal section, and Fig. 2870 a plan of part of the breech. An opening is 
made at the rear end of the barrel to receive tno breech-piece c, or this opening may be m a shoe 
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into which tho barrel is screwed. The breech-piece which occupies this opening is attached to the 
barrel or shoe / by a hinge e affixed to its upper portion, surrounding the charge chamber so as to 
form a covering and admit of splice within it for the movement of a draw cartridge <j, and which 
is placed and moves in a slot or groove formed therein. This draw cartridge is operated by means 
of a oog or ratchet a on it, acted upon by a corresponding cog or ratchet 6 on the movable part of 
the hinge c which is attached to tho breech-piece c, so that after a charge has been fired the ex- 
pended eartridgo case will bo withdrawn from tho charge chamber d by the action of lifting or 
opeuing the breech-piece c, causing the cog or ratchet b on the hinge e to act on the ratchet of tho 
draw cartridge, and forcing the latter against tho hood or rim of tho cartridge case and thus with- 
draw it. • 

MM. 




2M6. 




Fig. 2808 is a vertical section through the line jt, y, of Fig. 2807. and Fig. 2860 a similar view 
through the line r, s 1 . When the arm is charged it is locked and retained in place by means, 
before described, for locking the breech of fire-arms ; see FigB. 2804 to 2800. 

There is a hole made through the breech -support or plug, Fig. 2807. In this hole is placed a 
self-latching locking bolt; to this bolt is connected a shaft that works in a hole or slot in the tang 
of the breech-support, for the purpose of opening the breech. 

These strictures might be continued to a great length on the vast number of fire-arms that we 
have examined, but we shorten our task by discarding all such contrivances that lack all our quali- 
fications designated (A), (B), (C), (D), (LX (FX (GX (il), and (I). 

Tho revolver or pistol, which is the smallest of breech-loading fire-arms, follows suit. From 
Colt down to Smith and Wesson there is no mechanical novelty worth attention. The revolving 
pistol comes under two heads, namely, the pocket pistol and the’ army pistol. Smith and Wesson’s 
improvements over Colt chiefly consist in making arrangements so that metallic cartridges may be 
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used, indeed wo giro preference to Colt’s «y*tom : to Colt is duo the merit of perfecting this species 
of arm, nil other pistol inventors ouly attempt to attain tho same end in a more indirect manner 
and by greeter complication. 




3 * 70 . 




AthinC$ licrolivr . — Fig. 2871 represents in Bide elevation, and Fig. 2872 in side elevation 
partly in longitudinal section, a repenting or revolving pistol constructed according to Albini’s 
method of arrangement : Figs. 2873 to 2876 are ports of the same pistol, when detached. 

a is tho revolving cylinder: b is tho solid frame of the pistol, and c is the barrel ; thb solid frame 
and barrel are made in one piece ns usual. The cylinder a is mounted on the tubular axis d, upon 
which axis the cylinder a is capable of revolving to bring each of its chambers in succession in a 
lino witli tho l>nrrel c. The front end of the said tubular axis d is carried by tho arm c, the lower 
horizontal part of which is jointed nt r*. r 1 , to the side of the frame b ; the axis >1 and arm r nro 
shown separately in Fig. 2873. The said arm c moves in a vertical plane upon its joint, and tho 
cylinder a is by tho motion of tho said arm capable of being turned out of or into the framo b, os 
illustrated in the drawing. In the tubular nxis d is a rod / by which the extractor g is operated 
and the cylinder a locked to and released from the frame 6, the rod f is shown separately in 
Fig. 2874 ; the said rod / is provided with a thumb-plate or handle f 1 by which it may Ik* moved 
backwards and forwards in the hollow axis d. In the fore part of the frame b is a channel h in 
which the front end of the rod / works. The hole or channel h serves ns a guide to the rod /, and 
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the rod is in this position the rear end f* is situated in the channel A , and the said part f* prevents 
the rod being drawn through the lateral opening A* of the channel A. When it is wished to relcuso 
the cylinder a the rod / is pulled towards the muzzle end of the pistol, the front end of the rod is 
thereby withdrawn from the hole A*, and the rear part /' is also removed from the channel A, when 
the cylinder a may bo turned outwards upon its jointed arm <?. When in the last-described posi- 
tion a cut-away jiart f* of the rod / is brought opposite the lateral opening A 1 of the channel A, and 
the said rod eun pass through tho said opening. The sliding motion of the rod / is limited by a 
spring-top », Fig. 2875, within tho tubular axis d engaging with one or other of two notches or 
depressions A, /, in the rod /; when the rod / is drawn forward to rolcnsc the cylinder a, tho stop » 
fulls into the notch or depression k; and when the said rod is pushed outwards hi operate the 
extractor, the said stop » drops into the notch or depression /; iu either ease the further motion 
of the rod is arrested. The extractor g , Fig. 2870, consists of a notched disk or plate having 
a ratchet g* at hack, upon which ratchet the lock acts to propel forward the cylinder a. The 
extractor is connected to the cylinder a, and its motion transmitted to the cylinder « bv inruns 
of the guide-rods </*, </*, sliding in holes in the said cylinder. The extractor g is pushed outwards 
from the cylinder o, when the rod / is pushed towards the hack of the body by means of a shoulder f* 
on the said rod bearing against the inner face of the extractor, and the said extractor is pushed 
inwards to its place at the roar of the cylinder when the rod / is drawn towards the muzzle of the 
pistol by means of the head j~ on the said rod bearing against the outer face of tin? extractor. 
When the ports of the pistol are in the respective positions represented in Figs. 2871, 2872. the said 
pistol is ready for discharge. After discharge, in order to extract the oases of the exploded cart- 
ridges ami reload tho pistol, the parts are manipulated as follows; — The hammer m is first mist'd 
to half-cock, the rod / is next pulled forward by its thuml>-plnte or handle /*, so as to withdraw 
the front end /* from the lack of the body or frame 6, and bring the cut-away part f* opjKwito tho 
lateral opening A 2 in tho framo 6. 

Smith and Wesson's litrolver.— Fig. 2877 is a longitudinal section of this revolving fire-arm; 
Fig. 2878 is a similar section with the parts of the arm in a different |*j*ition. 




The arm is furnished with an extractor A having a 
flat plate or head, which lies in a recess at the rear of 
the revolving cylinder B in such a position as to form a 
part of the surface against which the rim of each cart- 
ridge shell lies when the same is inserted into its 
chamber in the said cylinder. The extractor A also 
has a shank, which extends through the centre of tho 
revolving cylinder B and through a hollow centre pin C 
upon which the revolving cylinder turns. Where the 

shank posses through the rear end of the revolving ( " J 

cylinder B it is made square, so that it has to turn 

with the cylinder B when the latter is revolved. To the forward end of this extractor is attached 
a rack I) by a coupling joint E which allows tho extractor to revolve without turning the rack D. 
This latter may be made flat or may be a circular rod with the teeth cut entirely around it, as shown, 
and for many reasons tho latter form is preferable. A chamber F is provided for this rack through 
the stock below the barrel and in a line with the centre of the revolving cylinder B. In order to 
operate the extractor by means of this rack, Smith places a toothed wheel G in tho joint II in such 
a manner that it engages with the rack D above. The peculiarity of this pinion is that when the 
Itorrel is swung forward the pinion first revolves about one-eighth part of a turn, giving the cart- 
ridge slid Is room to clear tho breech-block before they are started from tho clumil>er» of the revolving 
cylinder; the pinion is then caught and held by a pawl N at the lower side, the rack being con- 
sequently forced back or left behind, as shown in Fig. 2878, and with it tho extractor, which os 
the barrel is turned farther forward on the hinge pushes out the shells, the head of the extractor 
catching under their flanges, as shown at T. A projection is formed on the stock in front of tho 
pinion, and when tho barrel is swung far enough for this projection I to strike against tho head J 
of the pawl N and push it hack, the pinion revolves freely and the rack flies forward to its former 
position, carrying with it the extractor, and nlso turning the pinion until it occupies its first place 
relative to the rack. In order to thus impel tho rack forward when the pinion is released any suit- 
ably arranged spring may be used. In this instance 8mith forms on tho forward end of the rack a 
rod K, which has on its outer end a head and passes through a collar L made stationary by means of 
a set screw M in the chamber F at a point near the end or the rack when at rest. A spiral spring 
is coiled around this rod between its head and the collar, and when the rack is forced back towards 
the revolving cylinder the spring is compressed, its recoil restoring the rack when it is released. In 
this manner by merely throwing forward the barrel as far as it will go the shells are all extracted 
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and tho extractor restored to its proper position Tor a new operation os Boon ns the barrel is returned 
to the breech. 

In these fire-arms ns heretofore constructed there linn been no provision made for the pnwl O, 
which in the ordinary construction projects beyond the face of the recoil-block in order to engage 



/ 

f 

L 



with the ratchet on the snid cylinder, and is therefore nlwnys 
liable to Ik: broken off by the projecting hoods of shells or even 
by the ratchet itself when the pistol -barrel is forced suddenly 
lwick. In order to obviate this difficulty, Smith provides a half- 
cock notch on tho tumbler, and arranges the pawl O in such a 
manner in relation to the same that when tho hammer is at half- 
cock the trigger presses against the lower end of the pawl at It, 
and the pivot-pin 8 being ahovo this point the upper end or point 
of tho pawl is consequently thrown Imck. The trigger must 
project slightly at this side of the tumbler to enable it to catch 
against the pawl. The pawl is thereby thrown out of line with 
the breech-block face ami entirely out of the way, an that the 
barrel may be forced back with perfect safety when the piece is 
at half-cock. 

T >r*l r r -chamber Jictoirinj Pistol. — Figs. 2870 to 2883 give 
in detail an arrangement for a twelve - chamber revolving 
pistol, tho invention of M. T. Dioniel. The idea of arranging 
many chambers in a circle is not new. but the manner in which 
the details have here been worked out is certainly original and 
deserving of merit. One of the chief objects aimed at in the in- 
troduction of this weapon has been to produce a light and |>ort- 
able revolving many -chambered pistol, whilst its small width and 
the al»sence of projecting points render it salted for carrying in the pocket, the sight at the end of 
the barrel being the only inconvenient part of the arrangement ; but this might be dispensed with. 
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always available in mum's of danger or emergency. Fig. 2879 
shows the pistol complete. A is a catch closing the circu- 
hir door, moving on n pivot at C, which holds the chaml*er- 
grfece in its place ; ami II is n smull slide, which draws nut 
for the purfiOHO of cleaning « »r rej miring the lock. Figs. 
2880, 2881, show the clmnil>cr-piccc, Fig. 2S82 shows tho 
lock arrangement, and Fig. 2888, the opposite side of tho 
pistol, with the lmnuncr. In I'ig. 2882, A is the priuci|tnl 
part of the lock arrangement, which is attached hy a joint 
to tho trigger-block K. On pulling the trigger, the end of 
the trigger-hinck is elevated, and thus throws the piece A 
forward, which, pressing against a small projection on the 
hammer, raises it, draws out the point which enters one of 
the smull holes, shown in Fi_r. 2880. whilst it at tho some 
time presaea against one of tho small projections shown in 
Fig. 2882, and causes the chamber-piece to revolve. As 
soon as the next chandler comes opposite tu the barrel. the 
hammer is released, and th«- spring 11 forces it powerfully 
bock, when its point enters the next hole and explodes the 
cartridge, which contains its own cap ; and as soon as the 
trigger is released the spring C draws Imck the piece A, 
whilst the smaller spring I> gives its point a slight eleva- 
tion, and thus raises it so that on the next discharge tho 
point of A shoots out above the next point on the chamber- 
piece. In Fig. 2883, A is the hammer, from the end of which 
a small point projects, which enters holes shoAru in Fig. 
2880, to explode the charge, whilst the small piece II is for 
the purpose of enabling the pistil to l»e carried safely in the 
pocket when loaded ; for hy raising tho hummer and eleva- 
ting B, so that the point on A |xim*c» through the hole in B, 
it is slightly raised away from the cartridge, and cannot, 
therefore, explode it. 

The Magazine gun of Bethel Burton, illustrated hy Figs. 
2884, 2885, differs only from his other gun. Figs. 2844. 2845, 
by the addition of a magazine ■ », r r, n. underneath the barrel, 
from which tho cartridges arc supplied. The mi'chanism 
for conveying the cartridges from the magazine up and into 
the chamber of the breech consists of a crank-fovor rn, a 
spring iw> which steadies tho motion of the lever; a tray or 
carrier m 5 , and a feed- 
regulating spring a. Fig. 

2885 is a cross-section, 
at x X. in which the 
tray or carrier m* and 
lever mi, and the feed- 
spring n aro situated, 
r, r, represent the cart- 
ridges in the magazine 

o, r r; a cartridge r is also shown on the tray m J , 
just taken from tho magazitc- ready to enter tho 
chamber when pushed forward by the motion of 
the bolt as the breech is clo®. d. Win n the cliarge 
is fired and the bolt agnin withdrawn, the empty 
shell is thrown out and another cartridge carried 
up ready to enter the barrel. The arrangement 
for firing this arm differs son.’ what from Burton’s 
general arrangement before described ; in this 
case he adopts a lever k , Fig. 2884, for the pur- 

C of gaining |*>wer over a bent spring 4 1 w hich 
to be kept in place. The trigger k 3 acts on 
the end or point of a lever <.f the thin! order 
which moves round a pin in the centre and is 
made fast to a projection on the uuder-side of the 
breech. The action of the finger j is the same us 
in the other gun, Fig. 2845. 

It is inijNirtnnt to know that Burton’s breech 
action, without being in any way altered, may, with 
his system of cartridge, bo employed to work a 
magazine gun, ami guns of different calibres. 

Before shaking of cartridges wo shall say 
something of the fulminate of mercury. This 
highly-cxplosive coin|iound consists of protoxide 
of mercury united with an acid; fulminic new/, 
formed of cyanogen ami oxygen, of which the for- 
mula is CyO or C,NO; uihI \» used for the manu- 
facture of percussion caps. Fulminate of mercury 
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is prepared by ranging Alcohol to react on the Acid proto-nitrate. A quantity of mercury is dis- 
solved in 12 parts of nitric acid of 35° or 40° of Ramne, and II parts of alcohol at *86 are gra- 
dually added to the solution; and while the temperature is slowly elevated, a lively reaction, 
Accompanied by a copious evolution of reddish vapours, soon ensues, when the liquid, on cooling, 
deposits small crystals of a yellowish-white colour. Fulminate of mercury is ono of the most 
explosive compounds known, ami should be handled with great care, especially when it is dry, and 
it detonates when rubbed against a hard body. It dissolves readily in boiling water, but the 
greater portion of it is again dc|»naitcd in crystals during cooling. The fulminating material of 
jtercussion caps is made of fulminate of mercury prepared ns just stated, after liaviug been washed 
m cold water. The substance is allowed hi drain until it contains only about 20 per cent, of water, 
and is then mixed with ’ of its weight of nitre, which mixture is ground on a marble table with a 
mul lor of giu* iocuro-wootl. A small quantity of the jmxto is then placed in each copper rap and 
allowed to dry. the fulminating powder in the cap being often covered with a thin coat of varnish 
to preserve it from moisture. We shall speak of this again when we treat of other explosive 
compounds. Sec Ginpowder. 

Cartridges , — Most rifles have been invented to suit the cartridge, instead of the eartridge being 
devised to suit the rifle A cartridge containing the means of its own ignition, is by no means a 
recent contrivance. The needle-gnu cartridge has l>een in us*' for many years, and though not 
metallic it contains its own ignition. But the metal lie cartridge for weapons of war was first largely 
adopted in the American armies during the rebellion, and was the purent of many inventions in 
brcMtoh-lrading small anna, both in Enrnj»e and America. 

The cartridge of the Prussian needle-gun is peculiarly its own : made for this gun, it can only 
be ua»<l in it or in a gun having a needle arrangement to reach the fulminate through the powder. 
It consists mainly of four ports, not enclosed in a metallic, but n paper cover. These parts are the 
powder, the fulminating rap, the carrier- wad, and the bullet. The latter is of an aeorn shape, and 
weighs about an ounce, and the charge of powder is seventy-six grains. 

Referring to Fig. 2888, the distinguishing features of this cartridge are the carrier-wad «c, and 
the rap r. The carrier-wad is formed of strips of paper moulded into the proper shape by heavy 
pressure, and its uses are as follows; — It holds the cap c containing 
tin? fulminating compound, protecting it from chemical influence or 
other injury : it receives the first impulse of the explosion and transmits 
it to the bullet, thereby economizing the force of the powder ; it is 
compressed into the gnioves of the rifling, and thus imjjarts a rotary 
motion to the bullet, which does not itself touch the barrel, and hence 
the grooves never get clogged with hud ; finally, it cleanses the barrel 
at every discharge of the gun, but the friction is very great. The 
wad accoin jinnies the bullet through some 50 or <10 yds. of its flight, and aliotit 20 yds. from 
the gun it strikes a target about 3 or 4 ill. below the bullet-mark, and at this distance will pierce 
a pine board of over half an inch in thickness, so that, at short range, the gun may be said to 
carry two projectiles. This, however, may tint always be an advantage, as in the rase of firing 
over a line of troops at some distance in front, the wad might kill or wound a friend instead of 
a foe. Tbo fulminate of the needle-gun cartridge was at one time believed to be kej>t a secret, 
but it is now generally known to consist of a mixture of chlorate of potash, antimony, and 
sulphur, in the proportions of five to three, to two of the respective chemicals. As already stated, 
the cartridge is enveloped in a paper cast;; this cast- is almost, if not entirely, consumed by the 
combustion of the powder, and to ensure its complete consumption a certain amount of air is 
provided for by the air-chamber or cavity surrounding the fore part of the needle-guide, hence 
there is no empty cartridge to take out of the pm before reloading. The ignition of the powder 
from the front is, however, the great feature iu the needle-gun, as by this means it is all consumed 
and rendered effective. 

The jiroeoHH of making Bethel Burton’s bottle-neck**! cartridge from solid brass or copper is 
illustrated by Figs. 2887 to 2902. A is a blank cut from a sheet of metnl in a double-action press; 
while the blank is in the press a second jmnch draws it into the form B by forcing it through a die. 
B is then taken to a single-action press, in which it is again drawn and made to assume the forms 
C, D. The case is then cut to a length E by what is called a cutting-off machine. It is then put 
into another machine, termed a header, which forms the flange or base, ns seen in Figs. 2892 to 
2899: a cup is then formed in the head or Imse. The next process is to turn the bottom of this 
cup J in, to form an anvil on which the fulminate L/ is placed and explod**!. The holes mark**] 
in Fig. 2901, through which the fire pmf to the powder, are then punched iu another machine. 
A lining F' is then placed on the inside base of the cartridge; this is intended to strengthen the 
base and to prevent the force of the explosiou from rupturing the cartridge. 

The cartridge case is then taken to a tattering press in which it receives the form G, Fig. 2895. 
The necking process is then performed, and the shajw H, Fig. 2896, produced. K, Fig. 2901, is a 
section through the base, and I. Fig. 2898, a section through the cartridge, when complete. It 
must be observed that raeh process is performed after the case lias beeu annealed. 

FIRE-BOX. Fil., Ihite a feu ; Ger., Feucrkastcn ; ItaL., Focolare Camera del fuoco ; Span., Caja 
de fuego. 

See Boiler. 

FIRE-BRIDGE. Fk., Pont de ehauffe ; Ger., FcuertaUckr ; Span., Directriz de fueijos. 

See Boiler. Chimney. Ixicomotive Engine. Marine Engine. 

FIRE-CLAY. Fn., Argile refract a ire ; GER., Feuer fester Than; Ital., Argilla apira ; Span., 
Tier in refractirv j. 

Fire-clay is a kind of clay chiefly pure silicate of alumina, capable of sustaining intense heat, 
and hence used in making fire-bricks. 
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Composition- or Clay. 





ChlrHue 

Kaulinr. 


Stourbridge 

Fire-duy. 


Plpe-cUy. 




Chine** 

Kuoline. 


Stourbridge 
Fire cUy. 


llpe-day. 


Silica 


50-5 


64*1 


53-7 


Magnesia 


0-8 


09 




Alumina 
Water .. 


3.3-7 

11-2 


231 

100 


32 0 

121 


I'otaah, soda .. 


1-9 














Oxide of iron 


1-8 


1-8 


1-4 




1 99-9 


99 9 


99-6 


Lime 


•• 




0-4 











See Founding and Casting. Porcelain. Terra Cotta. 

FIRE- ENGINE. Fa., Pomjxa incendie ; Ger., Feuertjmtte ; Ital., TVomfta da incmdio ; Span., 
Bomha de inccndios. 

Merry either and Sons' 1/and-potcer Fire-engine, Figs. 2903, 2904. — This engine in fitted with gun- 
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suction-pieces, to winch flexible suction-hoses are attached, and in pmvided with a stop-valve go that 
water can l>c pumped nut nf itM own cistern when required. The larger engine# have two outlets, 
an that two at rein ns may l>e thrown at once; the delivery-piece ha# an nir-vcDtel attached to it. Tho 
work# are fitted in hard wood, and occasionally in metal, cistern*, nnd are worked by a shaft nnd 
crow-levers, to which are attached the working levers for tho men, these being arranged so as to fold 
up when travelling, and to extend out when the men are at work. Above the works i# a strong box, 
which contains the hose ami apparatus, nnd on which the firemen ride. At each aide of the cistern in 
a pockot to contain the suction-hoses. The engine is mounted on high wheels and springs, ami is fitted 
with a fore-locking carriage, which is provided with a pole for horses and drag-handle for men. 

FIRE-ESCAPE. Fk., AppontU de marriage ; Okr., Rcttunqaapi*arat. 



The Fire-escape was invented by a very talented artist named Wvvall. Merry weather and Sons' 
fire-escane. Figs. 2905, 2900, has a strong main-ladder with a sail-cloth trough at tho back for 
sliding down in safety, and this trough is protected either by copper gauze 
or netting; it has a turnover ladder simply worked bv levers and ropes, nnd 2908 - 

an extra piece to attach so as to reach higher windows. All tho ladders X 

are kept as light as possible for easy transit, nnd are bound ]T^-' |[j 



back nnd front with wire-rone sunk in so as to gain strength. 
Tho carriage part is on hign wheels and springs, so ns to be 
readily moved about by two or three men. These fire- 



capes reach from 18 ft. to GO ft. high. 
FLANGE. Fk., /burr clef. Collet; ( 



FLANGE. Fit., Hourrdct, Collet; Glk., Flantsche , 
Baud ; Ital., Costola ; Span., PestaHa. 

t^oe Whkki.s 

FLAX MACHINERY. Fit. Machine h filer / 
le tin ; Gkr.. Maschinen ram Spinnen de» Flachsci ; / 

Ital., Macchine da lavorar H lino; Span., / / 
Maquinaria para preparar lino. / ^ 

The processes of cultivating ami retting / 
flax seems to have been similar in all / Jf 
countries, and steeping or dew-retting / fff J 
was the prevailing method of prepa- / M 

ration. Some yean ago artifieial / JJ/ Jm 
methods were introduced to super- / 
sede this natural process of ret- / y 1W I 
ting; but their success has only / //; 'fa f 

been partial, and in tho chief / it / f j 

flax-producing countries the / ff/ A I 

natural system prevails. / A j 

The stalks with tho roots / At A II 

are pulled nnd set up in / ff f --W fff // 

bundles to dry ; tho / fff .fm fff // 

seed is then stripped / ff f ,/w fff // 

off. Tho retting / ff f fm fff / / 

consists in steep- / ff f fmf/f I 

ing tho stalks / fff Wf/f // 

in partially- / fff $ f f // 

stagnant / / jj '/// j 

water / !/ / •&/ f A A A 




for about three weeks, during which time a fermentation takes place. The flax fibre being tho 
bark or riml of tlm flax plant, of which tho interior or core is a semi-wooden substance called 
boom, the object of retting is partially to decompose this woo<Iv substance, so that it becomes brittle 
when dry ; and the fermentation should not l>e continued so long ns to injure the strength of tho 
fibre, but long enough to hx»#en the gum which causes the bark to adhere to tho woody portion. 
The process therefore requires griati care and experience, for either too much or too little retting 
is detrimental to the fibre. When thoroughly dried, the flax is ready to l*e broken, which is done 
by passing it in small bunches through pairs of fluted rollers ; those break tho woody core into 
short lengths, and also partially split the bark. 
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The next operation is called scutching, which in most flax-producing countries is still done by 
hand in preference to mill-Bcutching. In hand-scutching, a bundle of the broken flax is suspended 
alternately at each end and struck with a wooden beater, by which the broken pieces of the core 
or Ixiom are dusted out from between the fibres. This operation requires considerable dexterity. 

The next process is to heckle the flax, which was formerly done by hand by the flax-dresscra. 
The heckle is a braird set closely with pins about 4 in. long, which are ground to a fine ta}>ering 
point ; this board is fixed with the |>oints of the pins upwards, and the bundles of flux are draw n 
over the pins until the flax is sufficiently split. Other heckles of varying degrees of fineness are 
also used, partly to bring up the fibres to the requisite degree of fineness, but chiefly to clear out 
the short loose fibres or tow which were split off in the first heckling. The dressed llax was sold 
in this stab? under the name of lint, for spinning by hand, which was formerly a common domestic 
occupation both of rich and poor. 

In the early application <»f machinery to preparing and spinning flax, the fibres were drawn 
between two pairs of rollers, the first called tho receiving rollers and the other pair the drawing 
rollers, the two pairs of rollers Wing placed at varying distances apart, according to the length of 
fibre to be operated upon. The drawing rollers ran at from five to ten times the surface speed of 
the receiving rollers, so as to elongate the sliver or bundle of fibres. Subsequently a series of travel- 
ling gills was introduced between the receiving and drawing rollers, these being a succession of 
small tmnaverac combe, called gills, travelling continuously forwards in the longitudinal direction 
of the fibres about 5 per cent, faster than the surface speed of the receiving rollers. This proved a 
step in the right direction, and was followed by the introduction of spinning frames similar to those 
employed in spinning cotton, hut with the mollifications rendered necessary by the difference in 
tho mntcrinl to be spun ; the chief feature in the flax machinery Wing the great difference in tho 
distance between the receiving and the drawing rollers, which amounts to as much as 20 to 24 in. 
distance in the case of flax, instead of at most only a few inches in the case of drawing cotton, on 
account of the great difference botween the length of fibre in the two materials. 

The llax was nt first kept quite dry in the spinning process; hut a mode of damping tho yarn 
by means of a piece of wet cloth held in contact with the drawing roller was afterwards employed, 
w hich had the effect of laying the loose ends of the fibres in the same manner as is done by wet- 
ting the fingers in hand-spinning. But the great expansion that has taken place in the flax trad© 
is due to the principle of wet spinning introduced by Mr. Kay; the flax rovings being first put into 
warm water and allowed to stand until fermentation took place, by which the llax was macerated 
and brought into a state bordering on putrefaction. This was found to bo a dangerous process, for 
if continued too long the strength of the fibre whs destroyed. (Subsequent experience showed that 
it was only necessary to pass the rovings through hot water in order to nttnin a better result, and 
that no maceration was requisite. It is only the natural gum contained in the flax fibres that 
requires to be dissolved or softened, in order to allow them to be drawn asunder; and the slimy 
nature of the rovings when wet allowB this to W done to nlmost any extent. When spun dry by 
machinery. No. 40 yam was about the maximum degree of fineness attained, in which the hundlo 
of 60,000 yds. length weighs 5 lbs., and this size of yam is suitable for ordinary linen cloth ; but 
now by the improved process of wet spinning. Nos. 300 to 400 are ordinarily attained, in which sizes 
of yarn the bundle of 00,000 yds. length weighs only 4 and | lb. respectively. The bundle of Hnx 
vara consists of 200 leas or banks of 300 yds. each, making altogether 60,000 yds. length ; and the 
Nos. are marks Indicating the sixes of the yam in inverse proportion to the weight of the bundle, 
as in the following Table, the unit being No. 200 weighing 1 lb.; — 



No. 10 yam weighs 20 lbs. a bundle. 


No. 20 




10 lbs. „ 


No. 40 




5 lbs. „ 


No. 50 




4 lbs. „ 


No. 100 


n 


2 lbs. „ 


No. 200 


„ 


1 lb. 



No. 200 yarn 
No. 300 ' 

No. 400 
No. M0 
No. 1000 
No. 1200 



fib. 

or | lb. 
A or * lb. 



The whole of this advantage indeed is not due to the principle of wetting the roving, but many 
improvements in tho prejjaration have contributed to the attainment of this result. One of the 
conditions of spinning llax wet is to bring the receiving and drawing rollers within a few inches 
of each other, and thus reduce the length operated upon of the fibre of the flax to the distance 
between the bite of the receiving and drawing rollers. Yet notwithstanding nil the improvements 
of machinery, hand-spinning still produces a yarn of three times the fineness hitherto attained by 
the finest machine; for while Nos. 300 to 400 are the finest produced by the machine*, the hand- 
spinner produces yam from Nos. 1000 to 1200, in which the bundle of 00,000 yds. length weighs 
only t and £ lb. respectively. This finest kind of yam, the value of which is equal to that of gold, 
weight for weight, is produced chiefly in Belgium, and is used for making Brussels lace. Tho 
subsequent manufacture of llax after tho yam is produced presents great variety, the fabrics mode 
from it ranging from the roughest Dudley cambric used for nail bags to the finest lawn, and from 
the stoutest ship’s sail to the lightest gossamer lace. 

Since the introduction of the principle of spinning flax wet, various methods have been adopted 
to render the fibre of the flax finer, or in other words to split it up into a greater number of fibres 
by the process of heckling. In order to obtain the finest fibre, it was found necessary to break or 
cut the flux into three lengths: the top of the plant, the middle, and the root end. Of these the 
middle is the best part, owing to the fibres being there most uniform in thickness. By this plan 
of dividing the natural length of the flax into three lengths, which is designated the cut-line system, 
a very much smaller proportion of short fibres is produced in the heckling process than by heckling 
the fibre the full length of the plant ; and consequently the fibres can Ik* split much finer, and a 
larger proportion of yam can bo produced from a given quantity of flax, the degree of fineness being 
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taken into aeconnt. Another system is to rut the length of fibre in hnlf ; but this although par- 
tially pursued is wrong in principle, as the flax is then ont in the middle nr most valuable part of 
the fibre, and each length has one bad end, the tapering end of the ton of the plant, and the eoarao 
end of the root. A thin! system is to heckle the flax the whole length of the fibre, which is called 
the long-line system, and is the most economical for the ordinary numbers of yarn that always con- 
stitute the great bulk of the manufacture. On this system a greater weight of llax can be paused 
through the heckling and preparing machinery in a given time; and a longer dmft can be used at 
the spinning frame, that is too excess of surface speed of the drawing rollers above that of the 
receiving rollers can be made much greater than in the three-cut and two-cut systems, thereby pro- 
ducing a greater drawing action and making a finer thread, whilst reducing also the labour in 
attending to the process. The machinery used in the three-cut and two-ent systems is the same as 
in the long-line process, only that in the former it is finer in the gills und rollers and shorter in the 
reach or distance between the pairs of rollers. For some descriptions of manufacture it is abso- 
lutely necessary to use the long-line process, as, for instance, in making the Isjst kind of sail-cloth, 
which i« used in the royal navy and in the finest long-voyage vessels. For this purjtoee the longest 
and strongest flax is selected, and pretwired with the greatest rare in the processes of heckling, 
drawing, and roving, so as to preserve the fibres as long as possible; and in the spinning, which is 
done dry, very short drafts are used, that is. the excess of surface speed of the drawing rollers above 
that of the receiving rollers is comparatively small, so as not to break the fibre any more than can 
be avoidAl. The government authorities insist upon a test of both weight and strength at the same 
time, in order to get the sails l>oth strong enough to resist the wind and also as light as possible 
for the sailors to handle ; for as the weight of the mainsail of a first-class ship amounts to more 
than a ton, it is no easy task to handle it in a gale of wind and rain. 

The machinery at present in use for preparing the flax and spinning it into yarn for weaving is 
shown in Figs. 2907 to 2925. 

Fig. 2907 represents the breaking rollers, which are fluted iron rollers coupled together by spur- 
wheels ; and both top ami bottom rollers are supported in journals, so as to prevent the flutes from 
touching each other. The spaces between the teeth of the flutes are also much wider than the 
teeth working into them, so that, as the rollers revolve, the flutes never come in contact; otherwise 
the iron would damage the fibre. The object of passing the fiax between these rollers is simply to 
break the boom or woody interior of the flax. 
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After the flax has been broken between the roller*, it is taken to the scutching machine, shown 
in Figs. 2908, 2909. The scutching cylinder A rotates in the direction of the arrow at nbout 900 
revolutions a minute or 2800 ft. a minute spied of circumference, and dashes out the broken Loom 
against the grating D by means of the toothed and plain projections B and C. The drawing shows 
one pair of combs B and five pairs of plain square beaters CCC upon the cylinder A. which aro 
found to act well ; bnt the number of either may be altered. The striek of broken flax is fed into 
the machine bv tho attendant up to half its length ; and when the boom is thoroughly beaten out, 
it is drawn back and the other half inserted in the same way. The broken boom In-utcn out through 
the grating D escapes by an opening at each end of the grating. The ends of the casing of the 
machine being closed, a considerable current of air fs drawn in through the grating D by the rapid 
rotation of the scutching cylinder, which is an essential feature in this operation, in carrying away 
the refuse and dust, and producing a gentle pressure of the fiax against the projecting beaters upon 
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the cylinder. The bottom of the caging of the scutching machine is open, and communicates with 
a flue or culvert, through which the refuse and dust are carried away by the current of air. 

The next process ig to heckle the tinx, and Fig. 2010 shows an end elevation of the Heckling 
Machine. The flax is divided into small stricks, and each is held between a jwnr of clamps A 
called holders, made sometimes of hard wood, but latterly of steel. These arc closed firmly together 

3910. 




by a bolt, as seen in Fig. 2911, and are lined with either felt or india-rubber to form a cushion for 
the fibre to bed upon. The? heckling machines vary in length, having sometimes four. six. or eight 
holders in a row ; and the heckles 13 II have corresponding degrees of fineness, according to the 
amount of heckling that the flax will bear, the striekw of flax being submitted first to the action of 
the coarsest heckles, and then to the finer heckles in succession. Tho holders A are carried in a 
trough C, which extends the entire length of the machine, and also projects some distance at each 
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end. so ns to afford room for feeding in nt one end the newly-charged holders and removing from the 
other end those containing the heckled flax. The trough (’ receives a vertical motion from two 
cams I), shown by the dotted lines, mounted on the shaft K below, the weight of the trough being 
balanced by the weighted lever F. The form of the cams I) is so arranged ns to bring the pendent 
end of the flax gradually under the o]wmtion of the heckles, and also to nllow a slight pause when 
the trough has descended to its lowest point, as shown in Figs. 2010, 2911, so that the heckles may 
comb out the fibres straight, and effectually clear out the tow. The trough C then rises gradually : 
ami when it has reached its highest position, us shown dotted in Fig. 2910, the row of holders A ore 
pushed forwards along it, by a series of pawls mounted upon a liar extending the entire length of 
the trough, and acted ujsm by the lever (» and cam II. Each strick of tlax is thus carried along 
to the next gradation of heckles, ami the tmugh C then again descends as before. The set screw 
I, Fig. 2910, is for the purpose of adjusting the height of the trough A, so as hi allow the holders 
to come down as near as possible to the bite of the heckles. 

Fig. 2911 is a transverse section through the middle of the heckling machine. Tho sheets of 
heckles B B are made of leather straps passing round the small pulleys J J at top, and round tho 
larger driving pulleys K K below, travelling at tho rate of about 800 ft. a minute in the direction 
indicated by tho arrows. The 
heckle-lairs L I, arc of wood, at- 
tached by only one edge to the 
straps B, so that when they have 
passed over the top pulleys J J 
the heckle-pins may strike into 
the pendent flax as nearly at 
right angles os possible, ns seen 
at tho top of Fig. 2911. The 
heckles then descend in a verti- 
cal lino until they reach the lower 
pulleys K K. These pulleys are 
grooved radially, and small slidea 
carrying small iron rods M M are 
thrown nut by- tho centrifugal 
force just below tho centre of tho 
pulleys. The rods M are for tho 
purpose of stripping oft‘ any tow 
or short fibres of flax which 
may have remained between tho 
heckle - pins after they have 
passed through the flax ; ami ns 
the pulleys K revolve, the rods 
M are pushed back into their 
former position by sliding against 
the guides X, until they reach 
the upper aide of tho pnlleys, 
when their weight overcomes the 
centrifugal force ; and they re- 
main drawn bock until again 
thrown out below the centre to 
atrip the tow off the heckle-pins. 

There are also a series of iron 
teeth OO nttached to the inside 
of the leather strops B, which 
act as drivers to the straps, and 
keep the hcckle-bnre L always in 
proper horizontal position, by en- 
suring both the atra|ns B being 
driven always at tho same rate and without any chance of slipping ; these teeth are driven by tho 
teeth of the driving pulleys K K, and the small pulleys J J at top are also notchod to receive them, 
the inner faces of the teeth O being rounded off to the proj*:r curve for forming port of the circle 
of the upper pulleys J J in jjassing over them. 

The main difficulty to be encountered in the heckling process has always been to obviate the 
largo amount of waste that is made in the operation ; and though heckling machines have been 
constructed in great variety, the same drawback of excessive waste 1ms attended taeh, the propor- 
tion of the dressed line, or finished flax after the heckling, being as small as only 40 per cent, of tho 
flax put into tho machine in the lower qualities of flax, but ranging in tho letter qualities from 
CO to 75 per cent. Heckling machines are also sometimes made with double sets of heckles and 
holders, for tho sake of economy of construction and working; and this may 1*? an advantage in 
heckling the best kinds of flax. The lower qualities, such ns Egyptian and some kinds of Baltic 
flax, require the least amouut of heckling; whilst the best kinds of Flemish and Irish flax, which 
arc strong in the fibre, are capable of being heckled to almost any degree of fineness. 

In the next operation the dressed line or heckled flax, which has been obtained thus far in tho 
form of a number of separate strieks of irregular thickness anti quantity, is spread and drawn into 
a continuous sliver like a ribbon, by the combined action of a Bencs of combs and drawing rollers. 

Fig. 2912 is a longitudinal section of the Long-line Spreading Frame, ao called because tho dis- 
tance between the receiving rollers A and tho drawing rollers B is made long enough to take in the 
greatest length of fibre that has to be worked on the long-line system. The strieks of heckled flax 
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are laid down upon the endless travelling feed-sheet C, which carries the flax forward* to the 
receiving rollers A ; and l>etween these it passes on to the inclined b**d of heckles or gills D, and 
then between the drawing rollers B, through the doubling plate E, and between the delivery 
rollers F, which deliver the continuous sliver into the can G, ready to be removed to the next pro- 
cess, the course of the flax through the machine being indicated by the arrows. 




The heckle-bars or gills D are BUp|*>rted at each end upon the slides H, as shown enlarged in 
Figs. 2913 and 2915; and they are traversed forwards towards the drawing rollers B by means of 
the upper pair of screws 1 1 revolving in one direction, and back again towards the receiving 




rollers A by the lower pair of screws J J revolving in the contrary direction, each end of the heckle- 
bar being inserted into a deep-cut groove in the screws 1 or J. This construction of machine is 
accordingly known as the screw-gill Arrangement ; and previous to its invention chains and other 
methods of propelling the heckle- bars were employed. The heckle-bara ore carried forwards by the 
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upper screws 1 1 till they nrrive close to the lower drawing roller B, Fig. 2913, when each bar in 
succession drops down at the end of the slide* 11 into the groove of the lower screw# J .1 ; these are 
made with a much longer pitch of gioove than the upper screws I, partly to economize the numW 
of heckle-bars, and partly to ensure the bar which has just dropped into the lower screw being 
carried hock sufficiently out of the way, t*> allow the succeeding bar ample room to drop in the an me 
manner. A cam K, Fig. 291.% is placed at tho termination of the groove in the upper screw I, so 
that if tho lieokledaur should happen not to drop by its own weight into the lower screw, the cam K 
will force it down, as shown in Fig. 2916. The heckle-bars are then carried back by the lower screw 
towards tho receiving rollers A ; and on each bar arriving close to the lower receiving roller, a 




cam L, Fig. 2915, at the end of the lower screw 
raises the bar into the groove of the upper 
screw, aa shown in Fig. 2917, when the heckle- 
pins penetrate the flax, and the heckle-bar 
begins to travel forwards again towards the 
drawing rollers. The lifting cams I. are con- 
tinued through about one-third of the whole 
circle, so as to sup|>ort the heckle-bar cm a level 
with the slide II. until the screw I carries it a 
short distance along tho slide, and thus to pre- 
vent it from dropping down again into the lower 
screw, which was a serious defect in the earlier 
screw-gills. 

The screw-gills employed in the further process of preparing the flax for spinning are precisely 
the same in principle as those now described, only varying in their degrees of fineness. The 
system of screw-gill machinery shown in the drawings is called the long-line system, because by it 
the flax is worked the natural length of the fibre; and tho machinery used for the cut-line and 
tow is just the same in principle, only shorter and finer to suit the length and fineness of the flax 
or tow operated upon. 

The receiving rollers A, Fig. 2913, travel at a surface speed of about 5 ft. a minute, and tho 
hecklc-hars about 5 per cent, faster, so as to hold the flax in a slight tension. The surface speed 
of the drawing rollers B is from fifteen to thirty times greater than the speed of the heckles, or 
from 70 to 140 ft. a minute ; consequently the fibres are combed or drawn between the pins, and 
the length of sliver deli verod into the can G is elongated to about fifteen to thirty times the length 
taken in by tho receiving rollers A. One object of this operation is to lay the fibres parallel to 
one another, and also to prevent the long fibres from carrying the short fibres along with them, 
and thus making an uneven sliver, which must produce uneven yarn. The upper of the drawing 
rollers B is mad# of wood, and is heavily pressed down by tho links, levers, and weights M. 

The flax is delivered from the drawing rollers D in a continuous sliver of ribbon-like form, from 
4 to 5 in. wide, and four of such slivers aro drawn by tho machine, as shown in Figs. 2914, 2915; 
theso aro then passed through tho doubling plate E, and all four are rolled together into a single 
slivor of the same width by passing through tho singlo pair of delivery rollers F. The doubling 
plate E, shown in plan in Fig. 2914, has openings opposite each pair of drawing rollers at an angle 
of 45°, through which the slivers aro passed, whereby they aro made to travel first at right angles 
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to the line of delivery from the drawing rollers, nnd are afterwords tnmwl again into the some 
direction towards the delivery rollers F, which deliver the final single sliver into the can G, 
Fig. 8918. 

The next operation is to re-draw and doable again the sliver delivered from the long-line spread- 
ing frame; nnd Fig. 2918 shows the second Long-lino Drawing Frame. A number of cans G, 
generally eight, containing the slivers delivered from the spreading frame, are placed behind this 
drawing frame, whence tho sliver josses over a high conductor N, in order to allow a considerable 
length to hang pendent, and thus straighten out tho creeses mode by pressing it down in tho can 
G. The sliver then passes to the receiving rollers A, which are three in number, the object being 




to hold the sliver firmly, and not allow the gills or heckles D to draw it beyond tho surface speed 
of the rollers, which is about 6 ft. a minute. The further operation of this machine is jtrecisely 
the same as that of tho spreading frame, tho eight slivers being combed and drawn by tho gills D 
and drawing rollers It, nnd then doubled by passing through the doubling plate K, and rolled into 
n single sliver by the delivery rollers F. The gills D, however, are finer and the rollers smaller 
than in the spreading frame. The speed of the gills is nhout 6| ft. a minute, and the surface speed 
of the drawing rollers B and delivery rollers F about 130 ft. a minute ; nnd the length of tho sliver 
delivered by the rollers F is consequently elongated to about twenty times the length taken in by 
the receiving rollers A. 

Tho slivers from this machine are then taken to a third drawing frame, of precisely the same 
construction, but with still finer gills and smaller rollers ; by this means tho sliver is further elon- 
gated about fifteen times, the object being to reduce it in width and thickness. From this third 
drawing frame the slivers are then taken to tho roving frame. 

Figs. 2911) to 2922 represent what is known as the Screw-gill Regulating Roving Frame, in 
which the delicate sliver of flax that has been produced by tho previous processes is still further 
coml»ed and drawn by gills and drawing rollers, and is then twisted into a roving and wouud upon 
a bobbin. 

This machine as a whole is jierhajw the most complicated one nsed in spinning anv kind of 
material, and has taken many years to bring it to the present state of perh-ction. The lower 
or regulating jiortion of tho frame, by which the sjioed of winding the roving upon the bobbin is 
regulated according to the gradually increasing diameter of the bobbin, is similar to that used in 
the cotton manufacture, where this system of machine was first introduced ; but when so much 
of the machine os is used in the cotton manufacture is added to the screw-gill machinery, the 
two make whntniay be considered the most ingenious nnd perfect machine used in textile manu- 
facture, and great ingenuity has been ajqdied to overcome the numerous obstacles met with in 
perfecting this machine. The screw-gill part A, Figs. 2919, 2920, is precisely tho same as in tho 
drawing frame last mentioned, only so much finer; for here tho sliver is reduced to the smallest 
sire previous to receiving tho twist which changes it into a roving. Tho speed of the gills is 
about G ft. a minute, and the surface speed of the drawing rollers B about 90 ft. a minute, whereby 
the sliver is finally elongated about fifteen times. 
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The special part of the roving frame, independent of the acrcw-gilla and drawing rollers, is the 
regulating f*>rtion, situated in the lower part of the machine, which taken up the sliver as deli- 
vered hy the drawing rollers, and after putting in the twist winds it upon a bobbin with a uniform 
but slight tension, not sufticicnt to elongate the delicate roving: ami as each successive coil pre- 
sents a larger diameter than the preceding, the speed of the bobbin has to be regulated or gradually 
increased for winding the roving, which is delivered at a uniform rate from the drawing rollers. 

2910. 




The bobbin-spindles 00, Figs. 2919, 2920, carrying the fliers I)D, are driven at a uniform 
speed from the driving pulley upon the end of the main longitudinnl driving shaft E. through a 
train of spur-wheels driving the skew-bevel wheels at the bottom of the spindles C. The screw- 
gills A and drawing rollers B are also driven at a uniform speed by means of a change pinion on 
the end of the driving shaft E, through the intermediate wheel F working into the wheel (r on 
the end of the top cone shaft H. The lower cone K. Figs. 2921, 2922. receives its motion from the 
upper cone H through a strap I*, which is made to travel longitudinally along the cones by means 
of a chain M passing over a pulley, with a weight hung at the end sufficient to draw the strap- 
guide along two slide-rods that extend the length of the cones, or about 2$ ft. The speed of the 
lower cono is thus varied according to the diameters of the cones at the point where the strap may 
be working. The advance of the strap-guide is governed by an escapement motion acted upon at 
each vertical reciprocation of the boboin-lifter N. The bobbins OO run loose upon the bobbin- 
spindles C, and are themselves driven in the same direction as the spindles C, through the inter- 
vention of the regulating gearing and the skew-bevel wheels carried by the bobbin-lifter N. 

Upon the driving shaft E is keyed a mitre-wheel I, Fig. 2922, which drives two mitre-wheels ' 
mounted in the disc of the spur-wheel F; and these again drive another mitre-wheel J running 
loose upon the driving shaft K. A spur-whoel R upon the boss of the last mitre-wheel J drives 
the train of spur-wheels indicated by the dotted lines in Fig. 2921 : these are mounted on the jointed 
rocking frame S, Fig. 2920, and communicate motion to the longitudinal shafts in the bobbin-lifter 
N, which carry the skew-bevel wheels that gear into the bobbin-pinions. The bobbins OO are 
thus caused to revolve in the same direction as their spindles C, but at a somewhat slower speed. 
If the disc-wheel P were not allowed to rotate at fill, the bobbins O would be driven, like their 
spindles, at one uniform speed : and if the disc-wheel P were driven at the same speed as the 
driving shaft K, no motion whatever would be communicated to the train of wheels which drives 
the bobbins O ; therefore by regulating the motion of this wheel P any required speed can lie com- 
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municatcd to the bobbins. A pinion on the shaft of the lower cone K gears into a train of spur- 
wheels and pinions, so as considerably to reduce the speed nt the pinion T, which gears into the 
disc-wheel I*, thereby governing this wheel in accordance with the speed imparted to the lower 
cone. The rotation of tho mitre-wheel I, keyed ujk»u the driving shaft, has a tendency to drive the 
disc-wheel l* at a considerable speed, so that tho lower cone K is required to retard instead of 
actually driving it. (See Fig. 218th) 



2830. 




When the end of the roving is threaded through the flier 1), and then attached to the bobbin- 
shank O, Fig. 2920, tho flier being fixed upon the spindle C will first put tho twist into the roving, 
according to the number of revolutions, generally fmm 1£ to 2, which the spindle makes for each 
inch of sliver delivered by tho drawing rollers B. Then the speed of the bobbin must be so much 
slower than that of the flier as to enable the flier bv its greater speed to coil upon the Uibbin the 
length of roving delivered by the drawing rollers. When one coil of roving has been laid upon the 
shank of the bobbin, its diameter i» increased by double tho thickness of the roving; and therefore 
before the next coil is wound on, the speed of the bobbin must be increased in proportion to the 
increased diameter. This is effected by each ascending and descending motion of the bobbin-lifter 
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N releasing a pawl, which allows the strap L to he drawn along the cone# H ami K to n different 
diameter, ami thereby varies the speed of the pinion T gearing into the spur-wheel P. By this 
menus the roving is wound upon the bobbin with nn equal amount of tension, and consequently a 
uniform thickness, throughout the entire length wound. The different thicknesses of the roving, 
and consequently varying diameter of the bobbin when the coil is made with a thicker or thinner 
roving, are allowed for by the fineness of the teeth in the ratchet-wheel of the escapement appa- 
ratus. The bobbin-lifter N is ooun ter I balanced by the weight 11, Fig. 2920, aud the vertical 
reciprocating motion is given to it by means of a mangle-wheel with pinion ami rack V, driven 
from the lower cone K, so as to impart a gradually decreasing speed to the reciprocating motion 
of the bobbin-lifter, in accordance with the increasing diameter of the bobbin ns the roving is 
wound upon it. Those variations in speed can be so nicely adjusted that the bobbin will take up 
the whole length of the roving wound upon it. amounting to several hundred yards, without any 
perceptible difference in tension between the first coil and the last. 



2921. 2922. 




Figs. 2923, 2924, represent a section of a Tow Carding Machine. The tow frequently contains 
a considerable quantity of dirt and boom that has been left in the flax by the scutching machine. 
This is principally removed from the dressed line in the heckling process, but is thrown down with 
the tow or shorter fibres of flax which arc combed out by the heckle*. The tow canting machine is 
intended to separate the dirt and boom from the tow, and deliver the fibre in an even sliver ready 
for the drawing frame. 

The large carding cylinder A, Figs. 2923, 2924, is 2 ft. 7§ in. diameter, and is made of cast iron, 
and covered with beech-lagging set with finely ground and hardened steel teeth. The tow is laid 
upon an endless feed-sheet B, which carries it forward to the feed-roller C. Under the feed-roller 
is a cast-iron shell, tho upper edge of which is carried up into the angle formed by the carding 
cylinder and the feed-roller; and as the tow is slowly carried forwards by the food-roller at a rate of 
about 2 ft. a minute, it is caught by the teeth of the ranting cylinder A, which runs at about 
300 revolutions a minute or 2500 ft. a minute speed of circumference. The teeth of the cylinder A 
throw the tow against the worker D, which is a slowly revolving roller, running at a surface sj>eed 
of only about 100 ft. a minute, and covered with needle-pointed teeth set in strong leather. The 
teeth have a keen bend, as shown enlarged in Fig. 2924, and carry the tow round towards the iron 
Isir E, the upper edge of which is polished. Tho tow is then caught by the stripper F, which is 
clothed in a similar manner to the carding cylinder A, and runs much quicker than tho worker D 
but slower than tho cylinder A, having a surface speed of about 1500 ft. a minute. The teeth of 
the carding cylinder then strip the tow from the teeth of the stripper F, and carry it forwards to a 
second pair of workers and strippers of exactly similar construction to the first, where the same 
operation is repeated for further cleansing and combing the tow. 

The carding cylinder next carries the tow forwards to the doffer G, which is clothed with finely 
ground wire teeth set in leather, and moves very slowly at a surface speed of only 150 ft. a minute. 
The tow is combed off the doffer by a comb I, Fig. 292 4, carried upon an oscillating arm worked by 
the crank-shaft J, and it passes forwards to the feed-roller H provided with an edge-plate or shell 
similar to the first feed-roller C, and running at the same surface >q>ccd as the doffer G, feeding the 
tow again on to the carding cylinder A. As the speed of the carding cylinder is so very much 
peatcr than that of the doffer and feed-roller, a further combing action takes place ujwn the tow, 
by the teeth of the carding cylinder combing out the fibres, which are partially held between the 
teeth of the slow-moving doffer and of the feed-roller. The carding cylinder then carries the tow 
forwards to the second and third doffer# K and I where the final combing of the fibre take# place ; 
and from these doffers the tow is combed off as before by the combs 1 1, where it is divided into 
three slivers, aud passed forwards to tho two pairs of rollers M and N, in connection with which 
is a doubling plate provided with angular openings, as previously dr -scribed in the spreading frame. 
The last pair of rollers N N deliver the slivers of tow into cans ready to be taken away to the draw- 
ing and roving frames. It is usual to place a gill drawing apparatus in connection with the carding 
machine, so as to perform the first drawing operation at the same time, immediately upon the slivers 
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of tow being delivered from the last pair of rollers N N ; and this arrangement has been adopted as 
an improvement. 



The action of the teeth upon the tow in the carding machine ought to be of n combing character, 
and in order to get this action the tow requires to be held up to the points of the teeth, which is 
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causing an amount of friction in the passage of the tow, and enabling the stripper by its quicker 
motion to comb out the fibres. In the ordinary carding machines, without these edge-plates between 
the workers and strippers, the tow is plucked in patches from the worker by the stripper, sometimes 
in such quantities ns to roll up the tow, and in this state it is carried bock to the carding cylinder, 
thus breaking the fibre ami making uneven work. Carding machines have for a long time been 
made with cylinders ns much ns IS fi. diameter, and a considerable number of j»irs of workers and 
strippers, say from six to eight or even nine pairs ; but in these the work produced is in no way 

2925. 



superior, and a much larger amount of wash' is made and more power used. Wooden guards I* I*. 
Fig. 2023, are fixed in different positions round the circumference of the carding cylinder, for the 
purpose of directing the currents of air caused by the rotation of the cylinder so as to disturb the tow 
as little as possible in its passage between the points of tin- teeth of the several rollers running in 
contact with the carding cylinder, in order thereby to avoid waste and imperfect work. The teeth 
of the doffers G, K, and L, arc kept clean by the brushes ItTlt driven in tho opposite direction. 

The after processes of drawing and roving the tow slivers as delivered from the carding machine 
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arc precisely similar to those in the long-lino preparation already dedfcribed, the drawing and roving 
frames for the tow being adapted to the shorter fibre to be worked. Several kinds of gills have been 
introduced for preparing tow, but none have proved an improvement upon the screw-gill, which is 
now almost universally used in llax machinery. The process of combing tow by a combing machine, 
after carding it, is carried on by two or three eminent spinners, but the cost is out of all proportion 
to the quality of yarn produced ; and the tow thus prepared is only used for making sewing thread, 
to which it has been successfully adapted. 

The last process iu the manufacture of yarn is the spinning; and in Fig. 2025 is shown a trans- 
verse section of a wet spinning frame. 

The cylinder A drives the spindles B, which carry the fliers for spinning the yarn, at a uniform 
speed of from 2000 to 4000 revolutions a minute, the speed biting adjusted according to the weight 
and quality of yam produced. C are the receiving rollers, and I) the drawing rollers, which are 
called the back and front pair of rollers respectively; and the difference of speed is usually from 
eight to ten times, thus drawing out the roving to about A of its hums. The up(>er roller of each 
pair is pressed against the lower by the saddle and weighted lever E. The hot-wnter trough F 
through which the roving passes is placed with its edge as near os practicable to the bite of the 
receiving rollers C. The bobbins (4 from which the roving u supplied are placed above, ami the 
roving is held down in the water by strips of wood 1 1 faced with sheet brass. A splashboard H is 
fixed in front of the spinning frame, to prevent the spray from the wet yarn bring thrown upon the 
attendants. 

The lower of the two drawing rollers D is driven by a train of wheels from the main driving 
shaft A at a uniform speed of from 100 to 200 ft. a minute of the circumference, so that the fliers 
make from 20 to 40 revolutions for each foot of yarn delivered by the drawing rollers; and this 
additional amount of twist put into the wet sliver converts the delicate roving into a strong yarn. 
The yarn bobbin is loose upon the spindle B ; and as the length of yarn given out by the drawing 
rollers is very much less than the length which the flier would wind upou the bobbin if the latter 
were stationary, the bobbin is simply dragged round by the flier in the same direction as the 
spindle B, without requiring any regulating gearing for driving the bobbin ns in the case of the 
roving frame, since the yam is too strong to be elongated or injured by the tension necessary hi drag 
the bobbin roumL In order to keep sufficient tension upon the yam whilst winding upon the 
bobbin, so as to prevent marls in the thread, a cord is pressed against a groove in the bottom flange 
of the bobbin, the friction of which retards the bobbin ami produces the required tension upon the 
yam ; one end of this cord is fastened to the inner edge of the bobbin-lifter J, and the other end 
hangs pendent with a weight through a notch in the outer edge of the l*>bbin-lLfter, which is 
notched along its entire length ; thus the amount of friction upon the bobbin can be varied as 
desired by shifting the cord into a different notch, thereby varying the length of the are of contact 
of the cord with the bobbin-flange. The bobbin-lifter J is raised and lowered at a uniform rate by 
the lever K worked by the cam L, which is driven from the main driving shaft A. 

The important point in a spinning frame is to have good rollers. The receiving rollers G and 
tho lower of the drawing rollers D are made of hard brass, and all three are very carefully fluted 
longitudinally witii Hub’s that have a round top and bottom, so that the roving as it (Misses 
through the receiving rollers mnv not be unevenly crushed, which would cause the fibre to break 
down in the drawing process. The drawing rollers D have the upper or pressing roller made of 
soft material, usually boxwood, but the warm water used in the process is very destructive to tho 
wood ; gutta-percha also has long been tried, but if not well purified from sand or earthy matter it 
is apt to wear away the brass roller. 

Hoc the paper of Thos. Greenwood, printed in the Proceedings of the Inst, of M. E. (1865). 

See Brake. Cotton Machinery. Geauino. 

FLOAT WATER-WHEELS. Fn., Sous a auks ; Ger., Schau/Hrad. 

Before entering upon the examination of this subject, it is necessary to indicate the meaning 
of the letters that we employ in our calculations and investigations. Thus we have, 

H = Total fall of the water. This fall, when it is taken to measure the entire force of the 
current, is the difference of level between the fluid surfaces of tho upper and lower 
reaches. But for hydraulic wheels, it is reckoned from the upper level, or that of the 
reservoir, to the lowest point of the wheel, as this point may be lowered to the level of 
the lower reach, when this level is constant. 

V = Velocity of the fluid on its arrival at the point of the wheel upon which it exerts its action. 

v = Velocity of the wheel at the centre of percussion of tho fluid. The distance of this centre 
from the axis of rotation is the dynamic radius of the wheel. 

A = That portion of the fall comprised between the level of the reservoir and this same centre. 
It will be the height due to V, if this velocity experiences no loss between the reservoir 
and its arrival at the wheel. 

. V* 

A, = Height really dne to V ; thus, A, = — . 

We shall make A, = A (1 — m)» M being a quantity connected with the before- 
mentioned losses. 



A' = Height due to the velocity e; V = 



r* 

2 / 



A" = Height due to the velocity V — r ; A" = — — = ^ — • 

2g 2<f 

P = Weight of water furnished in 1" by the motive current. 

Q = Volume of this same water. P = 62 45 Q. 

K == Effort exerted by the motor upon the wheel. 

/> = Weight representing the sum of all tho resistances which the motor lias to overcome. 
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E = Dynamic effect profiled by the wheel, or the forco impressed npon it by the motor. 

£spr, 

n = Ratio of the real to the theoretic effect, or to the impressed force deducod from calculation. 

m = Ratio of the real effect to the force of the motor ; m = . 

We are to treat hero of what are strictly termed float-vhcels. They are the most simple of 
wheels, and such as were formerly almost wholly in use ; they are still in frequent use, principally 
on small falls, those below 5 ft. 

Buch a wheel. Figs. 2920, 2927, consists, 1st, of a revolving shaft ; 2nd, of two rims or shroudings, 
and evon of three in very largo wheels ; 3rd, of arms, which connect each ritn to the arbor, and 
which are arranged in different ways, as we see by the figures; 4th, of supports, strong wooden pins, 
imbedded and hold fast upon the shroudings; 5th, of floats nailed or bolted upon tho supports; 
6th, and quite often of counter-floats or planks fixed flat against the rims, and enclosing a part of 
tho interval between the floats. 

2926. 2927. 





Tho motive water is led to tho wheel by a water-courso whoso sides nearly touch tho floots, 
leaving them only tho play necessary for motion. It i« delivered to the course through a gate-way, 
whose board is raised to a greater or less height, as we wish to deliver more or less water. 

In tho first place wo shall make some observations Upon tho best disposition, and upon tho 
principal dimensions to bo given to parts which have an immediate influence upon the effect of tho 
machine, to wit, the sluice, the course, and the floats. 

The fluid mass, on its issuing from the gate, experiences a contraction ; then dilating, it moots 
tho aides of the water-course and follows them. Even should it have, when at tho section of greatest 
contraction, a velocity due to the height of the reservoir, yet a notable (Mirtion is afterwards lost by 
the effect of this dilation, and that of the friction against the course, if it has any length ; so that 
quite often it arrives at the floats with only three-quarters of this velocity. Wo prevent this loss 
of velocity, and consequently of force, 1st, by establishing the gntcas near as possible to the wheel; 
we thus render the resistance of the coarse nearly insensible; 2nd, by disposing tho sluice so as to 
reduce tho contraction ns much as may be ; for this purpose, we prolong its bottom and lateral sides^ 
(above the opening) into the bottom and sides of the water-oourso ; and wo widen its entrance, or’ 
that of the canal which precedes it, so that tho horizontal section of this entrance may have tho 
form represented by Fig. 561 ; 3rd, we incline the gate-board and all the front part of the gate- 
way; this inclination amounts to carrying the orifice nearer the flouts, and nearly approaches the 
openings of pyramidal troughs, where the contraction is almost nothing. Experiments made by 
M. Poncelct place beyond a doubt the good effect of this inclination ; a gate inclined 03° to the horizon 
(1 base to 2 height), gavo him 0*75 for the coefficient of contraction, and he had 0*80 with anangleof 
45° (1 base to 1 height) ; an upright gate, in the Home circumstances, gave about 0 ' 70. Ey disposing 
his sluices in the manner above indicated, this philosopher accomplished the end of bringing the 
motive current upon the floats of the wheel with a velocity but little differing from that due to 
the height of the reservoir ; it is true that the opening of the gate was great, and tho diminution of 
the velocity is as much the lew as the opening is more considerable. If, without loss of fall, we 
might direct the water immediately upon the floats, in causing it to issue through an orifice in a 
thin plate, or through a pyramidal trough, tho velocity would experience only a few hundredths of 
diminution. 

Immediately wist the gate, the water-course is directed, with a slight inclination, towards the 
wheel ; it passes beneath, and then continues in a right line, Fig. 2926. Its size is determined by 
the volume of water which it is to conduct ; the thickness of the fluid sheet in the water-courso 
(supposing for an instant the wheel to be raised up) should never lie above 0 82 ft. nor below 
O’ 49 ft. If it were less, the quantity of water escaping between the flooring and the lower edges 
of the floats, without exerting any action upon them, would be pro|*>rtionally too great; and tho 
force of its current would be notably diminished. That this diminution may be as slight as possible, 
wc should not give to the space necessary to be left between the sides of the water-course aud the 
edges of tho thmts more than from ’0328 to *01156 ft. 

If ever so little attention is given to careful constructions, wo do not make the water-courses 
entirely rectilinear. Their bottom or flooring sltould arrive at the level of the lower edge of the 
second float above the vertical diameter : there it curves concentric with the wheel, as far ns the 
plumb line of this diameter; then it falls suddenly a decimetre ('328 ft.) at least, and finally 
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pnrsuos its course with the slope permitted by the locality, Fig. 2927. Its breadth, immediately 
before reaching the float*, is a little lex* than theirs; it then increases and encloses the flouts 
beyond the vertical diameter. By these dispositions, the water, on its arrival at the wheel, 
impinge* upon it with all its mass, without experiencing a In** through the intervals; after that 
the lowering and enlargement of the wheel-course favours the clearing of the water, and does not 
obstruct it* motion. 

After wlmt luis just been said, the breadth of the floats is fixed by that of the course, and by 
the size of the intervals. Their height, in the direction of the arm of the wheel, ought to be such 
that in the greatest rising of the water against the first float struck by it, a portion of the fluid, 
which tend* to run jiast its upper edge, although retained by the counter-float, shall not lone a 
part of its action : we prevent this loss by giving to the height of the floats about three times the 
thickness of the sheet of water in the course, without however, exceeding 2- 13 ft. Tho distance 
from float to float, measured upon the exterior circumference of tho wheel, should be a little less 
than their height. 

Their number, then, will depend upon tho extent of the circumference or of the diameter, and 
this dimension is nearly arbitrary. 

The dynamic effect of the wins?! is proportionate to the velocity of the floats ; it requires only 
this velocity, which is independent of the diameter. When the diameter is required, we usually 
determine it by the number of turns which it is proper the w heel should make in a certain time, in 
order that the transmission of motion to that part of the machine which does the useful work, and 
which should consequently have a certain velocity, should be effected with the greatest simplicity, 
and with the least gearing possible. This is Accomplished in such a way that the wheel shall have 
a velocity and dimensions adapting it to fulfil the office of a J& y-wtac/, so as to maintain a suitable 
uniformity of motion. If u is the velocity at tho extremity of the floats, N the number of turns 

wished in a minute, the diameter will be or 19*1 . For the case of good effect, we shall 

* * 58-8 — 

have nearly u = 3*08 vH ; and consequently the diameter will be vll. Finally, in practice 

we never make it less than 13' 12 ft., nor more than 26*25 ft. 

According to the adopted size of the diameter, we shall give to the wheel the number of floats 
indicated below. This number is divisible by 4 ; from the fact that constructors are in the 
habit of putting an integral number of floats in each of the four quarters of the wheel. Wo may, 
besides, without any disadvantage, increase by 4 each of the numbers of the Table. 



Diameter. 


FWU. 


Diameter, 


Floats. 


ft 


No. 


ft 


No. 


13*12 


28 


22*97 


40 


16*40 


32 


26*25 


44 


19*68 


36 







Borssut, in raiding the same weight by a small wheel of 3 '346 ft. diameter, sometimes with 48, 
at other times with 24 floats, obtained efforts which were in the ratio of 4 to 3, whence he concluded 
that it would be better to give a greater number of floats to wheels than is usually done. But his 
water-course was rectilinear, and in such a course tho wheel takes positions in which the spaces 
between the flooring and the edge of the floats shall be the greater as their numlter is the smaller ; 
whence it follows that a great quantity of water is lost without exerting any action. Smeaton, to 
whom this fact was well known, remarked that this no longer occurs, and that the effect is not 
necessarily diminished by lessening the number of Heats, when we curve the flooring concentrically 
with the wheel, and that it was sufficient to give such a length to the curved port, as that one 
float might enter it before the other left. 

Some mechanists have supposed that the dynamic effect is increased by inclining the floats 
upon the direction of the arm, and they have given them such an inclination. But wlmt may bo 
advantageous for a wheel plunging in an indefinite fluid is no longer so for one established in a 
mill-race. Bossut having compared the effect* obtained with floats inclined 0°, 8°, 12°, and 16°, 
found that they were respectively as the numbers 1, 0 919, 0*956, and 0*998; so that in these 
experiments, the only ones with which we Are acquainted, the inclination has been a disadvantage. 

In the case only where a wheel might casually be plunged in the race of a canal (for we cannot 
admit that it is usual, inasmuch as its establishment then would be faulty, and would have to bo 
changed), the inclination of tho floats would favour their clearance ; or rather, it would prevent the 
floats, after they had jassod the vertical, from taking up and raising a certain quantity of water, 
which, mding in a direction op|io*ite to the motion, would diminish the effect. This inconvenienco 
is obviated in large wheels established upon the arms of a river, where the fall is very small, aud 
where tho floats are composed of different piece*, by giving them a slight inclination, but more 
and more as they approach the exterior circumference of the wheel. 

Attempts have been made to increase tho dynamic force, by means of lining the floats with 
borders or side pieces. But their action was inconsiderable in the case where the paddles which 
receive the impulse of the fluid are placed in a water course. It will be still less upon the floats 
of a wheel ; and in the experiments of M. Poncolet, made at a powder-mill in Metz, these flanges 
have augmented the effect but a fifteenth. 

We produce, and with more certainty, an analogous effect, by fixing and enclosing the floats 
between two circular plate*, similar to those which form the crown or shrouding of bucket-wheels. 

In narrow wheels, cast-iron float-*, slightly cylindrical, the axis of the cylinder being in the 
direction of the radius, produce tho effect of these side enclosures. 
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When we pat in motion a machine at rest, and for this purpose open the gate, the fluid is pre- 
cipitated forcibly against the float which is opposite to it, rises ami flows over all its jMirts ; 
continually pressed by that which arrives without interruption, it exerts a greater effort than 
when the motion is established. A portion of this effort is put in equilibrium with that of the 
resistances to be overcome ; the remaining portion acts, in the first moment, to break the adhesion 
contracted during the repose by the pieces of the machine which should move upon each other ; 
and then, striving against the inertia of the masses, it accelerates more and more its motion. As 
the velocity of the wheel increases, its action becomes more feeble (since this action is pnqiortional 
to the relative velocity); soon the acceleration, diminishing gradually, lxxvuues insensible and as 
nothing ; and the wheel, after a few turns, in consequence of the velocity impressed upon it, and 
in virtue of its inertia, continues to move, as it were, of itself, cither with an entirely uniform 
motion, or with a velocity which, oscillating between near limits, may bo reduced to a mean and 
continuous velocity. 

The action of an impulse, or the dynamic effect produced bv it upon the floats of a wheel, or, 
more exactly, upon n puddle well Bet iu a water-course, and which yields perpendicularly before 
P 

the fluid, is — (V — r) v. 

9 



Is it tho same for a scries of floats presented In succession to the current, or two or three at a 
time, and under different angles of inclination ? Ex|jeriouce alone can afford us just ideas upon 
this subject : meanwhile, we assume that the action of the impulse upon the wheel is not equal, 
but of tho same nature, and having the same form of expression ns the above. 

In this expression of effect, when the wheel is moved by the same current, r is the only variable. 



If r = 0, the effect will ho nothing; a machine which does not move cannot produce any. It will 
still be nothing when os V; a wheel which goes an fast as tho current cannot receive action from 
it. It is moreover evident that r can never exceed V. So that the effect will increase according 



os the velocity of the wheel, starting at zero, shall increase ; but only up to a certain point, beyond 
which this effect will decrease, returning to nothing when the velocity shall be conal to V ; between 
these two extremes there will, then, be a maximum of effect. Differentiating the variable part of 



the expression, (V — r) r, and making this equal to zero, we have \ dv — 2 ed v = 0; whence 
r s J V; that is to say, that a wheel with limits prculuces its greatest effect w hen its velocity is half that 
of the current. 

p 

The effort of the water upon tho float is - (V — r); this will also be the value of the load of 

the machine, that is to say, of the Bum of resistances which it can overcome, these quantities being 
equal. 

P V 

For tho case of maximum of effect, where v = } V, this load will be — — . For the same case, 

* \l 

the dynamic effect, being equal to this load multiplied by its corresponding velocity 1 V, will be 
P V* V* 

equal to — — , or, observing that - = A,, $ P A,. Tho greatest effect of which a current arriving 
* 9 *9 

at a machine is susceptible, with P of water, and a velocity due to A„ is P A, ; that of a wheel with 
floats will therefore be only half of this. If the entire fall H had lx*eu made available, and exjie- 
rienoed no loss of velocity, either at the gate or in the course, we should have A, = II, and for the 
maximum effect $ P H. Whence we conclude, that the greatest effect which am he pnntuced by a current 
of tatter acting by its impulse ujxm a wheel with floats, and upon a hydraulic wheel in general, is but half 
of the greatest effect of which it is capable. Ami yet we could never have arrived even to this half, 
but through supjiociitions which are not realized; it is a limit which wo cannot attain, and from 
which we are usually far removed, as we shall soon see. 

We pass to the modifications which experience must make in the results of a theory, which, 
moreover, wo have only admitted with reserve. We shall devote some timo to this subject, both 
liecause we are dealing with nearly the only wheel that is moved solely by the impulse of water, 
and because the field of experiment has been successfully explored by a man of superior merit, 
Smeatou. His observations were made, it is true, on a small wale, the mode! of the wheel being 
only 2 ft. in diameter; but they were so well directed towards the principal points of the problem 
to be solved, and executed with so much skill, that they enable us to recognize the principal cir- 
cumstances of the motion of wheels with floats. It was only after Smeoton hail satisfied himself 
that their results were conformable with those observed by him on largo wheels, that he published 
them. 

Upon the axle of a wheel a cord was wound, which passed over a pulley on tho top of tho 
machine, and which bore at its end a basin, in which were placed at pleasure various weights. 
The water was furnished to the wheel by a reservoir, which was constantly kept at the desired 



height. 

The experiments were divided into classes and series : those of the same class all have the same 
opening of tho sluice-gates ; and in those of the same series, they moreover hud the same height of 
reservoir, and consequently tho same quantity and the some velocity of motive water, or the some 
dynamic force. Tho velocity of the fluid, at the moment of striking the wheel, as well as the 
(wwire resistances, were determined previously and directly by experiments of a very ingenious 
character, which may be found in tho memoir of tho author. These preliminaries having been 
establihhed, a small weight was at first put in tho basin; when the motion wns well established 
and had l>ccome uniform, they counted the numlier of turns made by the wheel in 1' or <50", and 
thence deduced the velocity of the elevation of the weight: this was the first experiment of the 
series. Then tho basin was lowered, and a heavier weight placed in it, and the time of raising it 
was taken. So, in succession, for a third, fourth, &c., weight, up to the weight which was so heavy 
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as to arrest the motion ; the series of experiment* was then completed. That term in which the 
product of tho weight raised (adding to it the weight representing the passive resistances) into 
the respective ascensional velocity, was found to be the greatest, was the term of maximum effect of 
the series. 

Smeaton in this manner made twenty-seven series of experiments, and he published a table 
presenting the circumstances relating to the experiment of unximum of effect in each series. Tho 
following Table, containing eighteen of these experiments, is an extract from it. The dotted trans- 
verse line* to l)e seen in it separate tho six classes of experiments ; from ouc class to the other 
the opening of the sluice-gate was gradually enlarged. The titles of the columns indicate their 

V* 

contents sufficiently well. We confine ourselves to the remark that, for each experiment. A, = -p , 

*9 



H = A, 



ft 



a being the number of the experiment or of the horizontal line noted in the eighth 



column, and $ the number in the ninth ; II is the height of the water above tho gate sill ; ^ = p y, 
7 is the corresponding number of tho tenth column, and if represents, for each series, the weight 
which, put in the basin, would arrest the wheel. 



Water 


Velocity 


Velocity 


Weight 


Effect 
P • 






Ratio*. 




expended 
in 1* 

P 


of 

Current 

V 


of 

Wheel. 

V 


raised. 

(Resistance.) 

P 


concluded. 

n 


V 


n. 

r*. 


pv 

PH 


± 

P 


lb*. 

4*583 


ft 

9 166 


ft 

3* 125 


•6336 


lb*, ft 
1-98 


074 


0-34 


0*32 


016 


1-30 


4 05 


8-541 


2-916 


•4972 


1-45 


0 71 


0-34 


0-32 


017 


1-33 


3 566 


7-812 


2 " 698 


•3784 


1021 


0-67 


0-35 


030 


016 


1-37 


2'975 


6-77 


2-437 


•2519 


•614 


0-64 


0-36 


0-29 


017 


1-20 


2 233 


5-416 


1-979 


1495 


•296 


0-63 


0*37 


0-29 


0-18 


111 


1'9 


4 375 


1-666 


•0372 


•1620 


0-61 


0*38 


0-28 


016 


1-08 


57 


8-75 


3-203 


*6525 


2 090 


0*66 


0-37 


0-31 


' 018 ' 


"p27 


•1-75 


7-50 


2-708 


• 5000 


1-354 


0-72 


0-36 


0-33 


0-19 


115 


3*9 


6*56 


2-604 


*2922 


•761 


0-61 


0-40 


0 29 


0 20 


1 ’ 15 


2-79 


4-79 


2187 


•1344 


•291 


0-60 


045 


0-30 


0-21 


1 - 11 


5 95 ’ 


7 499 


302 


•5579 


1-685 


0-68 


0-40 


0-32 


0-23 


T?5 


5-50 


6-874 


2*786 


•4379 


1-219 


0*63 


0-41 


0-31 


0-22 


1-24 


380 


4*999 


2-447 


•1798 


0-440 


0-62 


0-49 


0-30 


0-23 


1-04 


5-981 


7-08 


2-812 


•49(77 


1*397 


0-63 


0-40 


030 


0-24 


1*09 


4 ’366 


4-999 


2*551 


■2093 


0*534 


0-63 


0*51 


0-31 


0-24 


1-08 


5-916 


C-249 


2-848 


•3823 


1-087 


OKI 


0-46 


0-30 


0-24 


106 


5-116 


5-208 


2-562 


•2439 


*625 


058 


049 


0-29 


0-24 


1-00 


6 00 


Y-208* 


*2-708 


■2736 


*741 


0-64 


0-52 


0-30 


0-25 


108 


1 


2 


8 


4 


6 


6 


7 


8 


9 


10 



The first four columns of the Table present the data of the experiment ; the last six, tho results 
deduced from them. Let ns sum up these results. 

A glance at tho sixth column shows that the coefficient of reduction of the theoretic effect to 
the real effect is Dot constant, and consequently that the admitted theory does not adapt itself to 
all the circumstances of the movement of wheels with floats. 

Its results, as to effect, are so much farther from those of experiment, as the velocity is more 
considerable, os we may sec in the Table following, which answers to the only entire series of ex- 
periments which Smeaton lias given us. The quantity of motive water used there was 4 ‘46 lbs., 
and its velocity 9 '222 ft. 



v 


pv 


n 


V 


pv 


■ 


ft. 

4 691 


lb a. ft. 
1-512 


0-52 


ft 

| 3117 


lbs. ft. 
1*751 


0-67 


4-863 


1-671 


0-57 


2-756 


1-714 


0-69 


3-773 


1-671 


0-59 


2-296 


1-967 


0-71 


3-510 


1-765 


0-64 


1*706 


1-280 


0-71 



The coefficient a docs not present so great varieties in the experiments of the great table, which 
answer to the maximum of effect of each serins : and even, making abstraction of some anomalous 
numbers, we have for the mean of each class (one only excepted) very nearly n = O' 64 ; and con- 
sequently, R or pv = 0*64. }PA, = 0*32 PA,. 
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This ratio of pv to P A ? , immediately given by each experiment, is noted in the eighth column 
of the Table; it only varies from 0*28 to 0*32; and the mean term has nowhere exceeded 0-30. 
Nevertheless, Smeaton thought he had good cause hi raise it as high as 4 for great wheels : that is 
to say, to admit their e fleet to be ^ of the foroe which the current possesses on its arrival at the 
floats. 

The ratio of this same effect to the entire force of the motor, or m, indicated in the ninth column, 
is not so constant in its character os the preceding it gradually increased from one class to the 
other, from 0*167 up to 0‘25. fc*> that, in the experiments of Smeaton, the greatest dynamic effect 
icrts only from a sixth to a quarter of the entire force of the motor. We doubt if in great machines, 
oven supposing them well arranged, it attains this last value ; though theory indicates it as double, 
or | P H. 

The ratio of the velocity of the wheel to that of tho current gradually increased from one class 
to the other, that is to say, in proportion as the opening of the sluice-gate was greater, from 0*36 
up to O' 52; it was, ns a mean. O' 44. £ men ton does not admit over O' 40. Boasut, after a scries of 
some experiments, also adopted this same number; but ns the velocity of the current was measured 
at tho surface, they have given too small a result; it would approach 0'50 in taking the mean 
velocity. We believe that in machines well arranged and well conducted we may very nearly attain 
this theoretic limit; and, with some authors, we shall adopt r = 0*45 V, always for the case of 
maximum of effect. 

Finally, the last column shows that tho load which arrests the wheel is only from one to two 
tenths greater than the load for the maximum of effect. But according to theory it should be 

PV 

double; indeed, the load corresponding to the velocity c = 0, is — ; and that which corrcsiKmds 
PV 

to tho maximum is . P* 1514. 

2 17 

Tho results wo have just given refer to the case where the velocity of the wheel is found to bo 
the most advantageous ratio to that of the current at the moment of striking the floats. But 
usually this is not the case ; the effect is less, and its coefficient n, experiencing great variations, 
as we have seen in the small Table (p. 1515), can never be expressed by a general formula. 

However, when the velocity of the wheel does not exceed certain limits, one-third to two-thirds 
that of the current, without the risk of any notable error, especially in excess, wc may take *00 for 
the coefficient, and admit 

E = 0*60 - (V — r) r = *01864 P (V — e)e = 1*1640Q (V — r)p. 



The velocity V, with which the water arrives at tho floats, is always difficult to determine. It 
meets, as we have seen (p. 1512), with losses between the sluice-gate aud the wheel ; without them, 
wo should have V = *L <j h; and A, the difference in level between the surfaco of the reservoir and 
the centre of percussion of the floats, would be easily measured. 

Smeaton, who made observations upon tho losses really experienced, and who has sometimes 
wen them as high os one-fifth of the velocity, lias also remarked that they diminish, when the 
height of the opening of the gate increases; so much, says he, that in mill-sluices, when great 



volumes of water are discharged, under moderate heads. V will be very nearly equal to •J'iyh. 
M. Poncelet lias also observed tliat the loss of velocity is less in great openings ; and that through 
an opening *7217 ft. in height, and even with a head of 4*593 ft., he found V = 0*99 \ f 'lyh. Still, 
to prevent mistakes, and supposing that tho sluice-way is otherwise suitably arranged, we will 
admit V = 0*95 V2,;A = 7*6215 J h\ and consequently we shall have generally E = 1*1042 Q 
(7*6215 V A — r) r. When v is very near to } V, this expression will be reduced to E = 16*907 Q A. 

The ratio between the effect and the entire force of the motor will bo established in a manner 
still less sure. Smeaton, even in the case of maximum effect, found it vary from 0*16 to O' 25. So 
that we shall have nearly always E <0*25 PH or < 15*612 Q H. 

Finally, wo hut little regret our inability to give a more precise expression of the effect of 
wheels with floats moved by the impulse of water, inasmuch as this kind of wheel is nearly out 
of use. 

Notwithstanding this remark, suppose we are to establish a wheel to put in action a blast-engine, 
appointed to throw into a high furnace for melting iron by means of coal or of coke, three-quarters 
of a cubic metre or 26-487 cub. ft. of air in a second, with a velocity of 426*51 ft.; and that we 
have upon a small river a fall of 5*4134 ft. We wish to determine the volume of water required 
to move the machine. 

That we may have three-quarters of a cubic metre of air in the furnace, in view of the inevit- 
able losses, we must count upon a cubic metre. At the level of the sea, auil at zero of the thermo- 
metric temperature, it would weigh 2*8671 llw. ; at tho site of the mill it will weigh only 
2*6906 lba.; we will ndinit 2*7568 lbs. The height due to the velocity of 426*51 ft. is 2821 '57 ft. 
Thus the useful effect to be produced is equivalent to raising 2*7568 llw. to a height of 2821*57 ft., 
or 1075 km. = 7778*59 llw. ft. in one second. By reason of the passive resistances of the wheel, of 
the machine and air-pipe, we will augment this number by a third, and we shall have for the 
dynamic effect, 10371*45 lbs. ft. = E. 

On the fall of 5*4134 ft., we will take *98427 ft. for the distance between the centre of jieretis- 
sion of the floats and the lower level; and there will remain but 4*4298 ft. for the value of A. 
Thus the equation will be 10371*45 = 16*907 Q X 4*4292; whence Q = 138*49 cub. ft. Wo will 
reckon upon 141*266 cub. ft This water, having to run in a water-course with a velocity of 



16*04 ft. — 7*6215 »J 4*4292, the section of tho fluid sheet in it will be 8*888 sq. ft., and as its 
thickness should not exceed *6562 ft., its breadth must be 13*418 ft.; let us put it at 13*45 ft. 
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Leaving a spare -0492 each side between the course and the wheel, we shall have for the hrendth of 
the latter, that is to say for the bvwdth of the floats, 13*888 ft. Their height .will be 2*133 ft. ; 
for under the wheel, the water will rise 1*97 ft. ami more : they will therefore be furnished with 
counter-floats (“cw»frwi«4rt"). Their number will be forty, the diameter to be given to the wheel 
being 20*34 ft. : each will be formed of four planks, *574 ft. wide, and inclined gradually upon the 
radius (P, ltf, 20~, and SO 0 ; the three iron supports to hold them will have three bends or angles 
of 170°. The wheel will make about seven turns per minute, and its motion will be communicated 
without gearing to the pistons of the blast -cylinder, either by means of cranks, winches, balance- 
beams, or by cams, in the form of eccentric wheels, which will accompany them in their ascent and 
descent. 

The float-wheel just described, exceeding 13 ft. in width, consuming 141*26 cub. ft. of water per 
second, with a fall of 5*413 ft., having thus a force equivalent to 89 horse-power, will be one of the 
most efficient which we can have. If charcoal were used in the furnace, we should not require over 
17*66 cub. ft. of air per second, with a velocity of 328 ft. A volume of waterof 44*14 cub. ft. would 
be sufficient to move the wheel. We should give it a width of only 4*92 ft.; its fleets might bo 
plane and 1*908 ft. deep. 

WketU established in a Circular Water-course or Curb. — We have seen, p. 1512, that the most 
advantageous disposition of the course for float-wheels is in curving it under the lower part of the 
wheel and concentric with it, for a short length (one or two of the float spaces), and consequently a 
very small height. The advantage increases os tlio height or versed sine of the curved part is 
greater; so much so, that now they are made as great as possible rnmparod to the fall ; and we give 
them two-thirds, three-quarters, ami even a greater proj>ortion of its value. In this way we obtain 
wheels of very good effect, perhaps the best 
that can be had with small falls, those of 
8 ft. and less. Fig, 29*28 gives a good idea 
of their disposition. 

Manifestly, the circular course or curb 
should be constructed with great care, and 
of masonry, if possible ; its apron, or cylin- 
drical surface, should he very smooth, well 
centred, and so tliat its axis shall be exactly 
the axis of rotation of the wheel which the 
cuc& or mantle encloses. The space to be left 
between its Hnrface, that of the lx>ttom as 
well as its sides, and the edges of the floats, 
should be from 0*0328 ft. to 0 049 ft. We 
should never make them less; in the best 

suspended and beat made wheels, after a whilo, some portions yield or wear out, some joints begin 
to play ; and if the space is too small, the floats will soon rub and scrape against the curb. This con- 
sideration should induce us to establish very solidly the walls or pillars upon which the tptdgema are 
supported. The breadth of the course, as well ns that of the wheel, should be such that the water, 
running freely over its bod, might not have a depth of over 0*656 ft, nor under 0*049 ft. The diameter 
of the wheel will be determined in the manner and according to the considerations shown in p. 1513 ; 
generally it is from 16*4 ft, to 23 ft. The number of the floats will be such as before described, 
p. 1513. Their height should never be less than three times the thickness of the fluid sheet of 
water in the course. They should be placed in the direction of the radius. Still, good millwrights 
give them a slight inclination ; quite often they iucline them to the radius with an angle IMF -f <*, 

2 H 

a being given by the equation cos. a = 1 • Sometimes they give the forms indicated in 

Fig. 2928 by a b c, or a' 6' c\ The sluice-gate should be made and disposed with all the precautions 
indicated in p. 1512, and in such a manner thut the water should full very nearly perjxndicular 
upon the float receiving the impulse. Better still, if it can be done, when we cause the water to 
fall by simply flowing over a sill established at the top of the curved apron. 

Water acts upon wheels established in such a course, both by its impulse and by its weight. If 
from the point e. Fig. 2928, taken at the surface of the reservoir, we drop the perpendicular e j\ upon 
the horizontal line passing through the bottom of the wheel, and let k be a point taken at the level 
of the one where the water arrives at the first float struck ; ef will represent the total fall II, and 
e k the portion A of this fall employed in the generation of the velocity with which the impulse is 
made. After this has taken place the water spreads out upon the float, descends with it pressing 
upon its upper surface; so that the fluid which is in the course, throughout the whole height kj\ 
presses upon all the floats found there, and urges them in the direction of motion; this action of the 
weight will be expressed by P x 4/ or P (H — A). The action of the impulse is expressed by 
P 

— (V — r) r, or P(A — A' — A") ; or, more exactly still, with the notations, p. 1511, and according to 

what we shall hereafter establish (see Ovkbshot Water- whkelr), by P (A — p A — A' - A"), p A 
referring to losses experienced in the velocity of the current between the gate and the wheel. 
Uniting these two partial actions, the total action, or tho effect p v which results from them, will be 

P { (H - A) + A - ph - A' - A" } . 

We have two corrections to be made for this expression. 

First, even when all the water P expended shall have acted by its impulse upon the first float 
it meets ; beyond that, when it descends in the course, pressing upon the succeeding flonts, the part 
of the fluid which is found in the intervals between the edges of the floats and the sides of tho 
course exerts no pressure, and has no effect ; and consequently it should be subtracted from P in 
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the expression P (H — A). The amonnt of this port cannot be rigorously determine*!. Still, if we 
consider, 1st, that the resistance experienced by this water against the sides of the course diminishes 
the velocity which gravity tends to give it, more and more during its descent upon the bed of the 
curb; 2nd, that this velocity is still more diminished by the continual obstructions which the water 
meet* in its passage through the spaces, varying at each instant, for a wheel is never perfectly 
centred: 3rd, finally and especially, that the velocity is altered by a continual mingling of the water 
in the spacers with that resting upon the floats, wo may conceive that in nearly every case, the 
velocity of one will be that of the other, and consequently equal to tliatof the floats. In such a 
case, if we designate by A the section of the fluid sheet in the course, and by a that which answers 

to the spaces, P — will be the portion of the fluid which produces no effect; wo must doduct this 



from P in the expression of effect, which will become P ^1 — ^(H — A). 

Secondly, the portion of the bottom of the wheel which plunges in the water of the course, 
there loses a |iart of its weight equal to the weight of the fluid which it displaces. In consequence 
of this loss, there does not exist an equal distribution of the weight of the wheel around the axis 
of rotation ; and the wheel tends to turn against the current ; let />' be the weight representing the 
effort of this tendency ; this will be a new resistance which the motor must overcome, and it should 
l>e added to the other efforts or resistances of which the sum is We have then, n being the coeffi- 
cient of reduction of tho results of calculation to those of observation, 






The examplo which wo shall shortly give will show us the manner of applying this formula. 

For common use, it may be simplified. Tho quantities p and 1 — supposing tho construc- 



tions equally well made, will bo very nearly proportionnl to the force of the machine, or to P; and 
they may consequently l»c comprised in the value of ». Moreover, wo shall see (Overshot Water- 
wheels) that tne quantity p A -f A' -f A" always exceeds } A, and that it is very nearly $ A. So 
that the equation is simply E = n P (H — | A).* 

Let us determine the coefficient n, Let us see its value in a machine, perhaps the most per- 
fect of the kind wo have discussed ; it is a wheel established at tho crystal-ware manufactory of 
Baccarat, near Lunevillc, by English constructors, and similar to those in use in their country. It 
is 13*14 ft. in diameter, with a breadth very nearly the same; it has 32 floats 1*312 ft. deep; and 
it is hung in a circular course, 6 ’037 ft. versed sine, upon a fall of G* 758 ft. ; the space between 
the sides of this course andHIie edges of the floats is reduced to some millimetres, says M. Morin. 
The motive water was let upon the wheel over a weir 12*79 ft. long, with the head A„ above the lip 
noted in tho following Table. According to the experiments of M. Caste 1, the volume of water 



discharged will bo 8 *5567 x 12*79A 0 */A 0 ; whence we have the values of F. The fall was 
6*037 ft. + A, and we have represented by H' the factor H — 4 A. As for j», the sum of tho resist- 
ances to motion, it is the result of experiments made by M. Morin, by means of a dynamic brake: 
to the effort immediately indicated by the brake, this author has added tho passive resistances, 
which he determined by calculation ; finally, as they do not roach to ^ of />, a littlo uncertainty 
respecting them would be but of small consequence. 
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Thus, for the machine at Baccarat, n would be, as a mean, 0*772. But we rarely meet a wheel 
with so small a play as this, and it will only bo for machines very carefully constructed and 
maintained that we can admit E = 0*75P(H — 0*7A). The above experiments give 0*717 for the 
ratio of p • to P II. But where, as for tho wheol upon which they were made, shall we find the 
height of tho circular curb so great as ^ of the fall ? Most frequently this height, or more exactly 
that upon which the water only acts by its weight, is not over one-third, and we generally have 
from 0*60 P H to 0*65 P H. In the application, we shall not use these expressions, but the pre- 
ceding, 0*75 P (H — 0*7 A); diminishing the numeric coefficient a little if the machine is in an 
ordinary condition. 

Upon a canal fed by a river we have an iron-mill, to which we wish to add a rolling mill of 
thirty horse-power. The available fall at low water is 8*202 ft.: we will employ a wheel moved 
by the weight of the water. It is required to indicate the volume of water necessary to put it into 
action, and tho principal dimensions to be given it. 

We require for the working of tho rollers that the wheel should make six turns per minute, 
with a velocity of 7*38 ft. Accordingly, its dynamic radius should be 11*745 ft (p. 1513), und we 
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will make the whole diameter 21 ‘278 ft It shall be n wheel with floats, of which there shall bo 
forty-eight, and formed of two planks ; the small one will be placed in the direction of tko radius, 
and will bo '722ft in height; the greater will make with it an angle of 1G0” 






and we will give it a height of 1-397 ft., so that the two united shall make 1*968 ft. in the 
direction of the radius. The counter-floats will be 1*148 ft. in breadth. We will sacrifice -328 ft. 
of the total fall for lowering the apron immediately below tlio wheel. The height H will then be 
7*874 ft. Wo take from this 6 502 ft. for the height of the curvo to be given to the circular part 
of the course, and there remains 1*312 ft. for A; thus II — A = 6* 56*2 ft. Wo have seen that 
fi A -f A' -f A" was greater than 0'5A, and wo havo made it O' 7 A ; consequently, 



A — ph — A' — A" = 0*3 A = -393G ft. 

•562 ^1 - 

determine the unknown quantities 

The weight j\ representing the aura of resistances to the motion of the wheel, is given by 
the condition-* of the problem; the dynamic pv being equal to the action of thirtv horse-power, 
or to 16280 ‘7 lba. ft., and p being equal to 7*382 ft., we shall bare p = 2205*4 lbs. To deter- 
mine p\ A and a, we must have the dimensions of the sheet of water which descends upon the 
curved bed, and consequently know I*, which is precisely the quantity Bought Let ns take at 



After this, the equation will bo (p + p') 7*382 = 0*90 P 






first an approximate value: for this purpose let us make p' = 132*32 lbs., and — =0*1; these 
quantities substituted in tho equation, give P = 3043 *5 lbs., or Q = 48*736 cub. ft. Since the 



velocity of the fluid sheet should be 7*382 ft., its section, or A, will bo 0-6021 sq. ft. ^ . 

We will admit 0*6562 ft. for the thickness of this sheet; its width, or that of tho course, will be 



10*061 ft. Leaving *065 ft. of tqiocc between the sides of the course and the edges of the floats, 



we shall havo a =*0656 [10*061 -f 2 (*6502 —*0656)] = *7377 sq. ft.: thus = *11173. To 

get p\ we will observe that eight floats at least plunge continually in the water of the course, and 
that they are submerged for a depth of *5906 ft in the direction of the radius, or *6299 ft. in 
reality, by reason of their inclination of 160° to the radius. Since the width of the flouts is 
10*061 ft. — 0*131 ft., or 9*930 ft., and their thickness *0984 ft., the weight of the fluid displaced 
by each of them will be 38 491 lbs. (= 9*9411 x *6299 x *09842 x 62*45): we will carry it up to 
4 1 * 9026 Ibs^ on account of the ends of the supports, which also plunge, into the water. This 
weight is as a force tending to lift the floats vertically : if wo estimate it in the direction of tho 
motion of rotation, it will bo 41*9026 sin. t, * Wing the angle made by tho radius of the wheel 
with the vertical, at the centre of immersion of the floats: this radius being 11*844 ft., and the 
dynamic radius being 11 -745 ft., this force referred to tho extremity of this last, or augmented in 
the ratio of these! two numbers, will be 42*255 sin. ». For the eight floats, wc must multiply 
42*255 by the sum of the eight values of the sin. t, which will be 4*52049, the angles being, as a 
mean, 10 s , 17J°, 25°, 32J°, 40°, 474°, 55°, and 62*°. Thus we shall have p = 191 *01 lbs. 

Substituting these values in the equation, it will become (2205-4 4- 191*01) 7‘382 = 0*90 P 
[6*562 (1 — *11173) 4* *39363, and it will give for the second value of P 3158*8 lbs.; then 
A = 6*8523 sq. ft., a = *7627 sq. ft., p ' = 201*13 lbs. For the third walue of P, we have 3169*2 
lbs., and 10*466 ft. for the width of the course. It will be well to augment this width when the 
water arrive* in greater quantity; we may carry it to 10*63 ft., and the width of the float* will 
consequently be 10*508 ft. The force of the motor, 3169*2 Umu falling 8*202 ft., is equi valent to 
forty-eight home-power ; the dynamic effect is but two-thirds of this. The rolling mill of which 
we have been speaking, and whose effect is but that of thirty horses, is of an ordinary kind : there 
are those which, with great velocity, produce the effect of fifty horses and upwards. 

In the commencement of our oliaervntions upon wheels contained in a circular course, wo 
remarked that it was best to increase the height of the course, so as to reduce a* much as possible 
tho distance between the float-board, which receive* the first impulse of the fluid, and the rcsor- 
voir. Thi* is, in fact, the method of obtaining the greatest dynamic effect, with the least con- 
sumption of water ; but this condition, though worthy of great consideration, is not the only ono 
which determine* tho choice and disposition of the wheel to be used. For example, where we may 
have an abundance of water, wo should consider less its economy, and rather regard the expense 
required in a construction made according to the rules which wo have given : thus, instead of a 
small distance between the float-board impinged uj»n and the reservoir, we may sometimes have 
a very great one. Thi* is the case with the iron-mills of the Pyrenees, where there are great falls 
and large streams; the wheal* established there are otherwise remarkable for their simplicity and 
the solidity of their construction. We will give a brief description of them. 

They are from 8*20 to 9*84 ft. diameter, including the floats; their circumference is formed by 
four segments or felloes of oak, extending from one arm to tho other ; these arms consist of two 
strong timbers, crossing the shaft, with a thickness of 0*49 ft. and a width of 1 * 148 ft. The floats, 
twenty-four in number, are 1*148 ft. deep and 0 2296 ft. thick : tho middle is hollowed out to half 
the thickness. Upon this hollow, as upon the rimmed plates of Moroai, falls a great fluid vein, 
issuing from a nearly vertical trough, whose mean length is 9*84 ft. Above, there is a wooden 
reservoir, commonly with a depth of 6 -56 ft., and ns much in breadth. A little below the orifice 
of issue of the trough, the water strikes tho floats; beyond this it, as well as the wheel, is con- 
tained in a circular curb or sweep, whose Bides are 0*98 ft. distant from the edge of the floats. 
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Thus, npon a fall of 21 '00 ft., or rather of 21 *325 ft. real fall, admitting as a mean 3*2809 ft. 
of water in the reservoir, about 14*704 ft. will serve for the impulse, and there remains but 
6*502 ft. for the weight to art. The orifice of the trough being usually 0 885 ft. bv *722 ft., the 
head being 13*124 ft , and taking 0*97 for the coefficient of contraction, the discharge or con- 
sumption of water will be 18*01 cub. ft. 

Generally, in the forges of the Pyrenees, it is computed that, with a fall of from 22*90 to 
20*25 ft., there is required 17*058 cub. ft. of water per second to move a hammer of from 1323 to 
1513 lbs. a height of from 0*984 to 1*470 ft., which strikes from 100 to 120 blows per minute. 

A bucket-wheel of 19*08 ft. diameter will produce a like effect with but 11*654 ft. of water 
only : the economy would be great, and advantage should be taken of it in a place where there is a 
scarcity of water; but where there is an ahumlancc, it is possible that it may 1x3 better to establish 
one of the float-wheels just described, than to employ a wheel of double the height, nearly eight 
times the width, and whuso construction, establishment, and maintenance will require a much 
greater expense. 

Wheels moving in an Indefinite Fluid . — These wheels are principally nsed in lxxit-mills, or mills 
upon barges moored in the middle of rivers. We suppose, in this case, that there is no water- 
course or other construction to increase the natural velocity of the current on its arrival at the 
wheel. The diameter of these wheels never exceeds from 13 to 16*4 ft. The floats are usually 
twelve in number; it is thought, however, there may be an advantage in increasing this number 
to eighteen, and even to twenty-four. According to Fahrc, who has given particular attention to 
this kind of machine, the height of the floats should not exceed of the radius of the wheel, 
measured to the centre of percussion ; it will thus be at most a quarter of tho entire radius; quite 
often it is but a fifth. This author made them to plunge entirely in the water, which may bo 
an advantage in deep streams, when, by reason of some peculiar circumstance, the greatest velocity 
is below the surface of the currant : but generally their force is greater when a portion of the float 
(in its vertical position) is elevated above the surface, the portion below remaining the same. Their 
width varies from 8 ft. to 16*4 ft. 

Depnroieux, after having made the very important observation that water produced its greatest 
effect when acting by its weight (for it was tafore supposed that it exerted its greatest action by 
its impulse), having ramnrked that the water rose upon the floats, as upon an inclined plane, as 
soon as their edges reached the surface of the currant, and that it acted then by its weight, sup- 
posed he could increase this action by giving the floats a greater inclination. To verify this 
conjecture, he made a small wheel, 2*85 ft. in diameter, carrying twelve floats 0*72 ft. in height 
by *656 in width, and to which, by means of an ingenious mechanism, ho gave such an inclination 
as he deemed best. This wheel raised different weights by means of a coni passed over a pnlley 
fixed above it. It was placed upon the small river BR'vre, near Faria, in a place where tho velocity 
of the current was 1*148 ft., and it there served for many series of experiments. We confine our- 
selves to citing the results of ono of them. The arc plunged in tlic water was 96°, and tho 
weight elevated was 2*85 Iba. The angle of .inclination of the floats referred to the radius drawn 
to their interior edge, is noted in the first column of the subjoined tabulated form ,* and the time 
of one revolution of the wheel, corrcsj>onding to this angle, is in the second column. The angle 
of 30° was that of the greatest effect ; it increased it in the ratio of 18 to 39. 
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Bosaut, with nearlv the same apparatus, also made a series of experiments. In one of them, 
the inclination of the float* being successively <r, 15', 30°, and 37", the effects obtained were found 
in succeaaion to be as the numbers 1000, 1081, 1083, 1037. Hera, also, tho angle of 3(T was 
found to Ik? the moat advantageous, though the increase waa much less than in tho experiment of 
Deparcieux. 

Kven if there should bo some exaggeration in the results given by the last philosopher, it is 
none the less positive that the inclination of the floats increases tho effect of these wheels. The 
lx v st method of effi'eting this inclination appears to us to be that already mentioned, p. 1513 and 
p. 1516, which consists in inclining gradually the crosa-pieces which form the floats. 

Wheels with floats moving in an indefinite water-course having been the object of the first 
theory given upon wheels in motion, we shall now dwell for a while upon this matter. 

Before the eighteenth century, machines had only been considered as in a state of equilibrium. 
Suppose it had been a hydraulic machine; after having estimated tho effort of the current upon it, 
a subject to which Galileo and Descartes had made some contributions, they calculated the weight 
which, placed at the extremity of a lever, for example, should put it in equilibrium. If. then, it 
was necessary to move this weight, they either diminished it, or the length of the lever, until they 
nttnined the desired velocity. But to what point should the weight be diminished, or tho velocity 
increased, that is to sav. the velocity of the wneel, compared to the velocity of the current, to obtain 
the greatest effect ? As to this, they were in complete ignorance. 

Parent, of the Academy of Sciences in Paris, directed his attention to this object, and. after 
long researches, remarked that the increase of velocity should have a limit, beyond which the effect, 
in place of increasing, would go on decreasing ; and consequently that there was a maximum, the 
knowledge of which would bo of great importance in the establish mint of machines. He sought 
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for it, and published tho result of his calculations in a memoir, quite remarkable for the period in 
which it was written. After having unfolded tome new principles upon tho action of gravity, 
upon that of motors, and upon its measurement, ho shows that in a hydmulic wheel established on 
a current, tho effort of tho water against the floats is only due to tho excess of its velocity over 
theirs; and he makes it proportional to the square of this excess. He furthermore admits that it 
is equal to tho weight of a prism which has for its base the port of tho float struck by the fluid, 
and for its height tho simplo height due to the difference of these two velocities, so that wo 
( V — 

have E = 62 ‘45* — - r. In tho case of maximum of effect, tho variable factor (V — r) 5 r, 

being differentiated and made equal to aero, gives r = ; that is to say, that for tho greatest 

effect, the velocity of the rtoits should be one-third that of the current. This value of c, substituted in 

V* 

the expression of tho effort, changes it to G2*45 s $ — = $ C4‘45 s h = | tl, making 62* 45s A = IT ; 

* il 

thus tho effort trill he | of the weiyht off equilibrium n, employing tho expression of Parent. Multi- 
plying this effort by tho velocity, \\\ which answers to it, wo have 62*45 7 \a h V'= PA; that is 
to say, that tho dynamic effect of such a wheel will be of the force of the current (“ of the natural 
effect of the current’’ in the words of tho author). 

Such is tho theory of Parent, regarded as a gTeat stop made in the science of mechanics, 
and, in fact, it was the first. It was adopted by all the snvanB of Europe, and applied to all 
wheels with floats. Nevertheless, Borda, in Me'rnoiros do 1’ Academic dea Sciences de Paris, 1707, 
showed that it could not be applied to wheels with floats established in a courso ; that here all 
tho particle* which pass, with a velocity V, with a section a of fluid running in tho course, arrive 
upon the wheels and impinge against them ; that their number or volume is a V, and their 
/62*45s V ‘ 



/62*43sV \, 



•9404 * V ; that, in the impulse, they lose V — r of velocity, and consequently 

1-9404 s V (V — r) in quantity of motion ; now, the quantity of motion lost hv a fluid vein against 
a plate measures the force or effort of the impulse; thus the effort of the current against the 
floats will be 1-9404 *V (V — r). This theory of Borda, for wheels contained in a course, is 
universally admitted ; it has been so in this article. It seems to us that it is applicable also to 
wheels moving in an indefinite fluid. Here, also, all the particles which j>ass with a velocity V, 
with a section a of current equal to that of the float, excepting some jiartial deviations, which wo 
shall hereafter notice, arrive with an impulse; their volume is also sV; and they lose, in the 
collision, a quantity of motion expressed by 1 *9404 * V (V — e). 

For wheels established upon an indefinite water-course, as well as for those contained in a 
course, we havo E = n 1 -9404.S V (V — * c) r. The section * will be that of the vertical portion of 
the float which plunges in the water, and n will l>a a coefficient comprising the corrections due to 
the deviations of the fluid fillets on their approaching the wheel, to the non-pressure at tho back 
of tho floats, Ac. 

The experiments of Bossut made upon a small wheel, afford us this coefficient. It was 3- 198 ft. 
in diameter; it had twenty-four floats, 0-44*2 ft. in breadth, and plunging 0-354 ft. in a current 
having a velocity of 6 081 ft. By means of a coni, wound round its axle, it was made to raise 
weights, gradually increased, which naturally reduced more and more the velocities. These 
weights and their respective velocities are noted in the adjoining Table. It may he remarked that 
the passive resistances of tho machine are not comprised in the weight p '; so that />' r represents 
only the useful effect, and not the total effect or force impressed upon the wheel. Consequently, 
the vnlues of n, calculated by the formula p‘ r = a 1*9404* V (\ — r)r, will indicate too small 
coefficients or ratios bctwi-cn the real and theoretic effect; and the coefficient, which was 0-84 for 
good velocities, would probably have been about 0-90, if regnrd had been paid, as it should have 
been, to the passive resistances. On the other hand, M. Poneclet, who made observations upon the 
wheels of some boat-mills established upon the Rhine, at Lyons, and who hA* remarked that the 
theory of Borda expressed the results of experiments better than that of Parent, has only had 0-80 
for the coefficient. Taking the mtwn term O’ 85, we have E = 1 -6493 » V (V — c) o. 
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We give, in the abovp Table, the coefficients derived from the formula of Parent. They present 
more variations, especially in the neighbourhood of the maximum, than those of the formula of 
Borda ; which disposes us to favour the latter. Furthermore, his coefficients ore less than 1 : the 
others, on the contrary, are greater. Now, in machines there are so many causes of loss in the 
effect, causes which theory cannot take into account, that usually the results of calculation exceed 
thoae of experiment, and consequently the coefficient of reduction must be a fraction. 

In the experiments above cited, the maximum of effect corresponds to the velocity of 2*641 ft., 
which is to that of V, or to 6-081, as 0*434 is to 1 ; making, then, r = 0*434 V, the above expres- 
sion of effect becomes 0 405 * V 3 (in ft. and lbs.) ; let us set it at *400 a V\ a very simple value of 

5 E 
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the total effect which thin wheel can produce. This is equivalent to *4122 P h (considering that 
F = 62*45* V, and h = *01553 V*). We have mid (p. 1515) that the effect of wheels with floats, 
placed in a rectilinear course, was butO*32PA; that of wheels moving in on indefinite water- 
course would be about a third greater. But how much more considerable is the volume of water 
that has been used ! 

The paddle-wheels which steamboats carry on each of their aides, and which, like oars, produce 
a progressive movement, arc also similar to these wheels. Consequently, the theory which we havo 
given can ho applied to them. The determination of their (Abet, however, becomes involved with 
a new velocity, that of the boat. Moreover, it require* the determination of two coefficients by 
experiment ; one, relative to the resistance of the boat ; the second regards the action of the fluid 
upon the wheels. They are placed in circumstances so different from those of boat-mills, that tbo 
cocfllcients determined for the latter cannot serve for the former without verification and some 
modification*. M. Ponoelet, it is true, has made some ex|>erimeuts, by means of the dynamometer, 
upon the effort exerted by the wheels of a boat made fast in stagnant water : but these are not 
wheels of a l*oat in motion, and the experiments do not seem to us to bo varied enough. 

Until we have some experiments entirely satisfactory, profiting by those for which we ore already 
indebted to tho philosopher just named, and applying here the theory of Farent, which leads to a 
more simple expression, wc will give, but provisionally, for tho expression of the dynamic effect of 
a steamboat, and consequently for the expression of the force required to be impressed on it, 

+ (±Vt«)>; 

8 being the immersed section of midships of the boat, s the surface of that portion of the paddles 
which is immersed (that of two paddles supposed to be in a vertical position), V the velocity of 
the fluid, u the absolute velocity of the boat. The upper signs refer to the case where the boat 
ascends, ami the lower sign* to that where it descend* the stream. The expression just given 
shows that the moving force to be employed will l>e so much smaller, as the impelled surface of tho 
paddles is greater. But the trouble from largo wheels upon boats causes us to give these paddles 
a width but two or three times their height, which is from a thin! to a fourth of the radius. 

Wheels 'nth Curved Floats . — Although undershot wheels with plane floats are not impressed 
with over a fourth or a fifth of tho motive force applied to them, they havo still some advantages, 
which lead to their frequent use ; their establishment, even when well made, is attended with 
small expense, and they may receive quite a great velocity without any notable loss of their effect. 
M. Ponoelet has undertaken, with a full preservation of these advantages, to avoid their enormous 
loss of force, and has accomplished his purpose in a most satisfactory manner by substituting curved 
floats for the plane. Ho gave a description of hi* important machine in a Memoir (for which a 
prize was awarded by the Institute in 1325), to which he afterwards made some additions, and which 
is in the hands of all engaged upon hydraulic machines ; wc shall confine ourselves to a succinct 
exiswition of the theoretic principle of this wheel, and of the effect of which it is capable. 

Let us suppose a wheel with curved floats, and so disposed that when a float has arrived at the 
bottom of tho wheel, the inferior element of it* curvature i* horizontal and it* superior elements 
vertical. We will at first admit that it i* in a state of rest, and that a fluid fillet, animated with 
a velocity V, arrives horizontally upon its inferior element. Continuing to advance, it will rise up 
along the curve ; during its elevation, gravity will by insensible degrees deprive it of it* velocity V ; 
and it will be entirely lost, conformably to the general laws of tho ascent of heavy bodies, when it 
shall have attained the height ’015536V*: then it will descend; it will rejoin tho float if it 
had passed it; it will follow it, pressing again upon it; gravity, during its descent, will restore 
the velocity of which it had deprived it during the ascent, and it will quit the float with the 
velocity V which it )m*scased on its arrival. Suppose, now, that the wheel turns with the velo- 
city r at its periphery. As soon as the fillet, having always the velocity V, attains the inferior 
clement of the lowest float, it will have, relatively to it. the velocity V — r; it is with this relative 
velocity that it commences advancing and ascending upon the curve ; it will rise nearly to the 
height *0155 ft. (V — r)*; and after descending, and on quitting tho inferior element, it will 
have then in relation to it the velocity V — t*. But this element moves itself with a velocity r in 
a direction exactly opposite ; consequently, the absolute velocity of the fluid at its issue will be 
V — r — v = V — 2 r. If r = } V, it will be V — V, or zero ; that is to say, if the velocity of the 
wheel is half of that which the fluid had on it* arrival, it* absolute velocity on quitting the floats 
will be nothing. We have here, then, a motive current which experiences neither shock nor loss 
of velocity the instant it joins the wheel, and which itosscsse* none at the moment of quitting it ; 
it ha* then expended upon it all its motion and has communicated to it all its force ; the two 
conditions for the production of the greatest possible effect, arc thus fulfilled in the wheel of 
BI. Ponoelet, such ns we have represented it. Thu*, if P is always the weight of the fluid fur- 
nished by the current in 1", and A, the height due to the velocity V, the effect will bo expressed 

by PA,. 

But what is true for a simple fillet is no longer so for a mass or sheet of water of a certain 
thickness. It* molecules strike the float*, making an nngle more or less great with the elements 
impressed, and so low? both velocity and force. This mass, at the moment of its quitting the floats, 
no longer moves in a direction exactly opposite to them. Moreover, a* in all wheel* which turn in 
a mill-course, a part of the motive water escapes, without exerting any useful action. So that tho 
real effect will no longer be F A, ; it will be but n portion of it. 

Bl. Fencelet ha* also determined the amount of this portion, that i* to say, the ratio between 
tho effect really produced, and the force employed to produce it; he has deduced it from many 
series of experiments. 

He first made use of a small model of n wheel, having a diameter of 1*64 ft., and of the form 
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indicated in Fig. 2029; and bo made thirteen series of observations analogous to those made by 
Smeoton upon a wheel with plane floats, p. 1515. Wo give in the following Table what relates to 
the determination of the maximum effect in eight of these series. 
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M. Poncelet also operated, on a larger scale, upon a wheel 11*745 ft. in diameter, comprising, 
between two circular plates like those of bucket-wheels, thirty floats 1*216 ft. high in tho direction 
of radius and 2*493 ft. wide. We give below tho 
result of seven observations, remarking, 1st, that 
it was admitted, after some preliminary experi- 
ments, that the velocity V of the fluid on its 
arrival at the wheel was in the mean equal to 
the velocity due to the head A, and consequently 
that A, = A ; 2nd, that p* represents solely tho 
weight really raised by the friction brake, by 
means of which the experiments were made ; thus 
p' v is only the usual effect; while, in the preced- 
ing Table, p including the passive resistances p v 
was the dynamical effect. 

It will be observed, in these two Tables, that 
the small openings of tho gate rendered an effect 
much less than the others. 

From these experiments and observations, M. 

Poncelet concludes, 

1st. That the velocity of the wheel which gives 
the marmum of effect is 0*55 of tho velocity of 
tho current. It may, however, vary from 0*50 to 0*60 without notable disadvantage. 

2nd. That the dynamic effect is not below 0*75 PA for small falls with great openings of the 
gate, nor below 0 * 65 for small openings and great falls. 

3rd. That this same effect, compared to the ontiro force of the motor, or P H, will be 0*60 of it, 
and it may descend to 0*50 in very small openings. 
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For the cases usually presented in pructice, and for wheels well arranged, with velocities which 
do not differ considerably from 0*55 of that of tho current, wo shall admit, liAving regard to the 
passive resistances E = 0*75 P A and E = 0*60 P II. 

We have seen (p. 1515) that, for wheels with plane floats, the numerical coefficients of these 
two expressions of the dynamic effect were but 0*32 and 0-25; so that the effect of wheels with 
curved floats is more than double that of wheels with plane floats. This conclusion, to which 
we have arrived in such a manner as to combine tho experiments which have beeu made on both, 
would lead us, in good constructions, to avoid entirely wheels with pluno floats, and to use instead 
those with curved floats. 

We refer here to the Memoirs of M. Poncelet, for the rules to be followed in the establishment 
of wheels with curved floats, and we make here only a few observations upon their characteristic 
port, the floats. 

1st Their number should be double that which we have indicated for wheels with plane 
floats (p. 1513). 

Their height in tho direction of the radius, or the distance between the exterior and interior 
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circumference of the wheel, should always be more than a fourth of the effective fall; we should 
give it a third in falls of 4 593 ft. ; and one-half in thoso which are below this. 

3rd. The inferior element of the curve, which we have seen to make no angle, or nearly none, 
with the exterior circumference, when the sheet of motive water was extremely thin, will make ono 
of 24°, 30°, and, generally, greater according ok the sheet is 
thicker. We give this element its proper direction, and to 
the floats the curve which they should have, by means of 
the following draft: from the point A. Fig. 2930, where the 
surface of the current B A meets the exterior circumference, 
raise the perpendicular A K, and from the point C, where 
it intersects the interior circumference, with C A for radius, 
describe the arc A E ; it will fix the form of the floats. They 
should be made of narrow planks, united like the staves of 
a cask, or of single largo plonks curved by fire, or of strong 
iron plates. 

4th. A little beyond the vertical diameter of the wheel, 
we lower by a sudden step the floor of the tail-race, so that 
the water may experience no obstacle in issuing from the 
floats : otherwise, the effect would be subjected to a con- 
siderable diminution. Thus, M. Ponoelet, who, in the last experiment of the preceding Table, had 
p* v = 0*63 PA, with a step of 0*984 ft., had but 0*54 PA, the step being 0*262 ft. 

In a place whore the current presents a fall of 5*249 ft., we wish to establish a mill for sawing 
timber, which is to saw 129*168 sq. ft. per hour: that is, to make a cut 3*2809 ft. wide and 
39*371 ft. iu length. Tho wheel, or primo mover, is to have curved floats, and it is required to 
indicate its dimensions, as well as the quantity of water necessary to put and keep the mill in 
action. We kn«»w that a saw moved by a force equivalent to a horse-power, will saw, as a mean, 
53*820 so. ft. of timber in an hour ; or, more generally, that the sawing of 10*764 sq. ft. is equal 
to a useful effect of from 325615 to 434154 lbs. ft, according to the quality of the timber to be 
sawed. Let us adopt, to prevent misconception, the last of these two numbers : the 129* 168 sq. ft 
to be sawn in an hour, or 3600", will be equivalent to a useful effect of 1447*1 lbs. ft. a second. 
The resistances of tho carriage, and of other parts of the machinery, will absorb nearly an equal 
quantity of action : so that the dynamic effect to be produced will be 2894*3 lbs. ft. (= E). Upon 
a fall of 5*249 ft., wo will take 0*4921 ft. for dispositions relating to tho mill-course, and 0*3937 ft. 
for half the opening of tho gate; there will remain, then, for the head, but 4*3632 ft. (= A). 
With these numerical values of E and A, the formula K = 0*75 PA gives P = 884*7 lbs. By the 
formula E = 0*60 P H, we have 1105*8 lbs. We will adopt this last value, and, making a small 
increase, wc will count upon a consumption of 15*892 cub. ft. The head being 4*3632 ft., the 
velocity duo to it will be 16*758. For, *95 of this or for tho velocity of the fluid in the course upon 
its arrival at the wheel, we shall have 15*92 ft. ; the wheel will take nearly *55 of this : thuB the 
velocity at its periphery will be 8*756 ft. It corresponds to tho mechanism adopted, to have the 
wheels make eight turns per minute. Consequently, we give it a diameter of 21*3258 ft.; the 
floats, in number sixty-eight, will be 1*968 ft. deep, in the direction of the radius, and their breadth 
between the shroudings 2 *290 ft. It may be observed, in relation to this last dimension, that the 
thickness of the sheet of water in the course having to be nearly 0*5249 ft, it would be proper to 

give it a width above the wheel of 1 *9027 ft. ^ = 15-912 x ® ARKKB ’ a Mux. Barrage. 

Boiler, p. 423. Canal. Damming. Hydraulics. Overshot Water-wheels. Poncelet’b Water- 
wheel. Turbine Water- wheels. Undershot Water-wheels. 

FLOORING. Fr., Parquet, Carrelage, Tabtier ; Gkr., Fussboden; Ital., Parimento ; Span., Pi»o. 

Fioor (Morefond't), Fig. 2931. — Richard Moreland and Son’s method of constructing flooring 
consists in fixing wrought-iron girders at given distances apart on the walls of buildings, and then 
placing between them on their lower flanges a number of wrought-iron bow and string lattice 
girders ; and on the upper or curved surface of these laying corrugated iron throughout the floor. 
Concrete is then laid on the oorrugated iron to the desired form and thickness, and sleepers, joists, 
and floor-boards may then be laid on the concrete in the ordinary manner. The ceiling joists are 
notched, or otherwise fixed on the lower part of the lattice girder, and are lathed and plastered in 
the usual way. 

3PSL 





Long as well as short spans may be constructed on this system without the intervention of main 
girders, as tho wrought-iron girders are made of great depth ; they are kept close to both floor- 
boards and ceiling, thereby ensuring great rigidity and strength with little material. The angle- 
irons employed in constructing this floor being invariably used in ono length throughout, and the 
rivets securing them to the web being closed by a powerful riveting machine, the girders are thus 
made very rigid, so that tl^ey deflect but little when loaded. 
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The air-space, which is included between the under-side of the corrugated iron and the ceiling, 
being a non-conductor of sound and also of heat, renders the floor sound-proof and safe under the 
action of fire, either from above or below the flooring. This air-space mav be used for ventilating 
rooms by having suitable anertures provided in the ceiling to connect this space to special flues 
enclosed in the walls of the building. The air-space may also be used for warming purposes, pro- 
vided the ceiling is specially constructed for this purpose. 

The concrete laid on the corrugated iron forms a natural arch, and is prevented from exercising 
much lateral thrust by reason of the bow and string lattice girders with the corrugated iron acting 
as a permanent centring to the arch. 

FLUE. Fr., Comeaux, Tuyau de chemirufe ; Ger., Feuerzug, Rauchzwj ; Ital., Condotto dal fumo ; 
Span., Conducto de A umo, 

A flue is an air-passage ; especially one for conveying smoke and flame from a fire. A flue is 
also a vertical division or compartment of a chimney. A steam-boiler flue is a passago surrounded 
by water, for the gaseous products of combustion, in distinction from tubs which hold water, and 
are surrounded by fire. Hm&ll /lues are called flue-tubes. See Boiler. Chimney. Ventilation. 

FLUME. Fr., Hire, Canal (Ttcluse ; Gkr., Muhlengerinne ; Ital„ Oora ; Span., i Saetin. 

A stream; especially a passage or channel for tho water that drives a mill-wheel; or an 
artificial channel of water for gold washing. Bee Overshot Water-wheels. Turbine Water- 
wheels. 

FLY-WHEEL. Fr^ Volant ; Ger., Schtcungrad ; Ital., Volanda; Span., Volants. 

See Algebraic Signs. Angular Motion. Engines, Varieties of. 

FOLDING AND MEASURING MACHINE. Fr., Machine a plier; Ger., Falzmaschine ; 
Ital., Macchina da piegare e misvrar panno ; SPAN., May ui rut de plegar y medir. 

See Measuring and Folding. 

FORCE. Fr^ Force; Oer., Kraft; Ital., Forza ; Span., Fuerza. 

See Acceleration. Anemometer. Angular Motion. Dynamometer. Dynamometer Car. 
Gunnery. 

FORGE. Fr., Forge; Gkr., Esse; Ital., Kurina ; Span., Fragua. 

A forge is an establishment where iron or other metals are wrought by heating and hammering ; 
a smithy, a shop with its furnace, where iron and steel are heated and wrought ; also, the place 
where iron is rendered malleable by puddling and shingling, is termed a forge. 

Fig. 2932 gives the arrangement of a fan- forge employed at Gwynno and Co.’s Works, Essox 
Street, Strand. 

This forge, Fig. 2932, is entirely constructed of iron. 
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C represents the hearth, in ono casting, with the cool, shown on tho right-hand aide, so as to be 
within easy reach of the smith. 

B is the bon nett, made of stout sheet imn, which connects immediately to the chimney E. 

F represents one of G Wynne’s improved fan-blowere, which is driven at about 1200 revolutions 
per minute, and sends the blast through the stand-pipe G, in which is the regulating valve; on 
the end of this pipe is the tuyere-iron A, which is fed by cold water from the small tank II, which 
is connected by the pipes, as shown, and which keeps up a continual circulation. The cold water 
enables the nose of the tuyere to last considerably longer than if not used. 

For forging small round short rods, or keys, no tools are required except the ordinary fire-irons 
and the lmnd-hammcr. tonga, and anvil-chisel, in tho anvil, shown by Figs. 2933 to 2935. 

The pin should be forged to the proper diameter, and also the ragged piece cut off the small 
end. by means of the anvil-chisel, shown by Fig. 2935, while the work is still attached to the rod 
of steel from which it is made. After having cut and rounded tho small end, it is proper to cut 
the key from tho rod of steel, allowing a short piece to be drawn down to make the holder, by 
which to hold it in the lathe. This holder is drawn down by tho fuller, aud afterwards by the 
hammer. The fuller is first applied to the spot that marks the required length of key; tho fuller 
is then driven in by the hammerman to the required diameter of the holder, tho bottom fuller 
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being in the square hole of the anvil during the hammering process, and the work between the top 
and bottom fullers. During the hammering, the forger rotates the key, in order to make the gap 
of equal or uniform depth : the lump which remains is then drawn down by the hammers, or by the 
hand-hammer only, if a small pin is being mode. If the pin is very small, it is more convenient to 
draw down the small lump by means of the sot-hammer and the hammerman. The set-hammer 
is shown in Fig. 2939 ; and the top and bottom fullers by Fig. 29-10. 




The double or alternate hammering by forger and b&mmermAn should at first be gently done, 
to avoid danger to the arm through not holding the work level on the anvil. The hammerman 
should first begin, and strike at the rate of one blow a second ; after a few blows the smith begins, 
and both hammer the work at times, and other times the anvil. 

Figs. 2930, 2937, show the top and bottom rounding- tools, for rounding largo keys. Large keys 
mAV be mode without rounding-tools by rounding the work with a hand-hammer, and cutting off 
the pin by the anvil-chisel, instead of the rod-chisel, Fig. 2938. The rod-chisel is so named 
because tho handle by which the chisel is held is an ash rod or stick, see Fig. 2936. A rod-chisel 
is thin for cutting hot iron, and thick for cutting cold iron. Fig. 2935 represents the anvil-chisel 
in the square hole of tho anvil. By placing the steel while at a yellow heat upon the edge of the 
chisel, a small key can be easily cut off by a few blows of a hammer upon the top of the work. 

To forge a key with a head involves more labour than making a straight one. Then* are three 
principal modes of proceeding, which include drawing down with the fuller and hammer; upset- 
ting one eud of the iron or steed ; and doubling one end of a bar to form the head. 

For proceeding by drawing down, a rod or bar of steel is required, whose diameter is equal to 
tho thickness of the Lead required ; consequently, large keys should not'be made by drawing down 
unless steam-hammers can be used. Small keys should bo drawn to size while attached to the bar 
from which they are made; tho drawing is commenced by tho fuller and set-hammer. Instead of 
placing the work upon tho bottom fuller in the anvil, as shown for forging a key without a head, 
the steel is placed upon the face of the anvil, and the top fuller only is used, if the key required is 
large enough to need much hammering; but a very small key cau Ik* drawn down by dispensing 
with the top fuller and placing the bottom fuller in the hole, and placing the work upon the top, 
and then striking on one side only, insU«d of rotating the bar or rod by the hand. By holding the 
l>ar or rod in one jiosition, the head is formed upon the under-side of the bar ; and by turning the 
work upside down, and drawing down the lump, tho stem is produced. 

The upsetting of iron generally should be done at the welding heat ; the upsetting of steel, at 
the yellow heat, except in some kinds of good steel, that will allow tho welding heat. And both 
iron and steel require cooling nt the extremity, to prevent the hummer spreading the end without 
upsetting the portion next to it. If the head of tho key is to be large, several heats and coolings 
must take place, which renders the process only applicable to small work. A small bar can be 
easily upset by heating to a white heat or welding heat, and cooliug a quarter of an inch of tho 
end ; then immediately put the bar to the ground with the hot portion upwards, the bar leaning 
against the anvil, and held by the tongs (Fig. 2941). The end is then upset, and the extremity 
cooled again after being heated for another upsetting, and so on until tho required diameter is 
attained. When a number of liars are to be upset in this manner, it is necessary to provide an 
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iron box, into which to place the ends of the bars, instead of upon the soft ground or wqpd flooring, 
injury to the floor being thereby provouted. 

When the key-head is sufliciently upset, the fuller and set-hammer are necessary to make a 
proper shoulder ; the stein is then drawn four-sided and rounded by the Q top and l>ottorn tools. 
If the bar firm) which the key is being made is not largo enough to allow being nuulo four-sided, 
eight sides should be formed, which will tend to close the grain and mako a good key. 

2941 . . 2942 . 





The third method of making keys with heads is tho quickest of the three, particularly for 
making keys by the strain -ha miner. By its jmwerful aid wo are able to use a l«ir of iron an inch 
larger than the required stem, because it is necessary to have sufficient metal in order to allow 
hammering enough to make it does? and hard, and also welding, if seamy. If the bar from which 
it is to bo made is too large to be easily handled without the crane, the piece is cut from the bar 
at the first heat. But if the bar is small, it can be held up at any required height bv the prop, 
shown in Fig. 2IH2. While thus supported, the piece to 1 k> doubled to make the head is cut three- 
quarters of the distance through the iron, at a proper distance from the extremity. The piece is 
then Unit in the direction tending to break it off : the uncut portion being of sufficient thickness 
to prevent it breaking, will allow the two to be placed together and welded in that relation. A 
hole may also be punched through tho two, while at a weldiug heat, as shown by Fig. 2043. Tho 
hole admits a pin or rivet of iron, which is driven into the opening, and the three welded together. 
This plan is resorted to for producing a strong head to the key without much welding; but for 
ordinary purposes it is much safer to weld the iron when doubled', without any rivet, if a sufficient 
number of heavy blows can be administered. At the time the head is welded, tho shoulder should 
be tolerably squared by the act-hammer ; ami the |iort next io tho shoulder is then fullered to 
about three-quarters of the distance to the diameter of stem required. In largo work the fuller 
used for this purjjow? should be broad, as iu Fig. 21H4. After the head is welded, ami the portion 
next to it drawn down by the fuller, the piece of work is cut from tho bar or rod, and the head is 
fixed iu a pair of tougs similar to Fig. 2045. Such tongs are useful for very small work, and are 

2944 . 




made of large size for heavy work. Tonga of this character are suited to both angular and circular 
work. They will grip either the bend or the stem, as shown in the figure. While held by the 
tongs the thick lump of the stem that remains is welded, if necessary. Next draw tho stem to its 
proper shape, and trim tho head to whatever slmfx; is required. 

Mi. — Bolts are made in such immense numbers, that a variety of machinery exists for pro- 
ducing small bolts -by compression of the iron while hot into dies. But the machinery is not yet 
adapted to forge good bolts of large size, such as are daily required for general engintMnaking. 
(joed bolts of largo diameters can now bo made by steam-hammers at a quick rate ; and small bolts 
of good cmality are made in an economical and expeditious manner by meant of instruments named 
Itolt-heauers. There is a variety of these tools in use, and some are valuable to small manufac- 
turers because of being easily made, and incurring but little expense. Tho use of a bolt-header 
consists in upsetting n |»ortioTi of a straight piece of iron to form the bolt-hend, instead of drawing 
down or reducing a larger piece to form the bolt-stem, which is a much longer process: conse- 
quently, the bolt-header is valuable in proportion to its capability of upsettiug bolt-heads of 
various sizes for bolts of different diameters and lengths. 

The simplest kind of headiug-tfxd is held upon the anvil by the left Imml of the smith, while 
the piece to be formed into a head is hammered iuto a recess in the tool, the shape of the intended 
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bead. Three or four recesses may be drilled into the same tool, to admit three or four sizes of 
bolt-heads. Such a tool is represented by Fig. 2947, and is made either entirely of steel, or with 
a steel face, in which aro bored the recesses of different shapes and sizes. 

2946 . 2947 . * 948 . 

r 

The pieces of iron to be formed into bolts ore named bolt-piece*. When these pieces are of 
small diameter or thickness, they are cut to a proper length while cold by means of a concave anvil- 
chisel and stop, or by a large shearing machine. One end of each piece is then slightly tapered 
while cold by the hand-hammer, Fig. 2933, or n top-tool. This short bevel or taper jiortion allows 
the bolt to be driven in atid out of the heading-tool several times without making sufficient ragged 
edge to stop the bolt in the hole while being driven out. Those ends that are not bevelled are 
then heated to al>out welding heat, and upset upon the anvil or upon a cast-iron block, on, or level 
with, the ground. This upsetting is continued until the smaller part* or stems will remain at a 
projier distance through the tool ; after which, each head is shapes! by being hammered into tho 
recess. During the shaping pmee**, the stem of the bolt protrudes through the square hole in 
the anvil, as indicated by Fig. 29-17. 

But when a large number of small bolts aro required in a short time, a larger kind of heading- 
tool is made use of, which is named Ixdt-header. One of these. Fig. 2948, is a jointed holt-header. 
The actual height of these headers depends upon the length of bolts to be made, because the pieces 
of which the bolt* are formed are cut of a suitable length to make the bolts the proper length after 
the heads are upset ; consequently, bolt-headers are made 2 or 3 ft. in height, that they may be 
generally useful. 

The header represented by Fig. 2948 contains a movable block B, ujxm which rests one end 
of a holt-pieco to be upset ; it is therefore necessary to raise or lower the block to suit various 
lengths of holts. 

All bolts, large and small, that are to be turned in a lathe require tho two extremities to be at 
right angles to the length of the bolt, to avoid waste of time in centring previous to the turning 
process ; and connecting-rod bolts and main-shaft bolts require softening, which makes them less 
liable to break in a sudden manner ; and it is important to remember that hammering a bolt while 
cold will make it brittle and unsafe, although the bolt may contain more iron than would be suffi- 
cient if the holt were soft. Great solidity in a bolt is only necessary in thut portion of it which is 
to be formed into a screw. The bolt is less liable to break if all the other parts are fibrous, and tho 
lengths of the fibres are parallel to the bolt’s length. But in the screw, more solidity is necessary, 
to prevent breaking oil' while the bolt is being screwed, or while in use. However good the iron 
may be, the bolt is useless if the screw is unsound : and it is well to apply a pair of angular-gap 
tools. Fig. 294 >4, to tho liolt-cnd while at welding bent. 

Bolts of all kinds, large and small, are injured by the iron being overheated, which makes it 
rotten and hard, and renders it necessary to cut off tho burnt portion, if the bolt is large enough ; 
if not, a new r one should lx? made in place of the burnt one. 

I»ng bolts that require the lathe process are carefully straightened. This is conveniently 
effected by means of a strong lathe, which is placed in the Bmithy for tho purpose. Long bolts 
are also straightened in the smithy by means of a long straight-edge, which is applied to the bolt- 
stem to indicate the hollow or concave side of the stem. This concave side is that which is placed 
next to the* anvil-top, and the upper side of the bolt is then driven down by applying a curved top- 
tool and striking with a sledge-hammer. This mode is only available with bolts not exceeding 2 or 
3 in. diameter and of length convenient for the anvil, because in some cases bolts require straight- 
ening nr rectifying in two or more places along the stems. If a lsolt 0 ft. in lengtn is bent 1 ft. 
from ono end, the bent portion ia placed upon an anvil, while the longer portion is supported by a 
crane, and a top-tool is applied to the convex part. The raising of the bolt-end to any required 
height is effected by rotating a screw which raises a pulley, upon which is an endless chain; the 
work being supported by tho chain, both chain and work are raised at one time. It is necessary 
to adjust the work to the proper height while being straightened ; if not, the hammering will pro- 
duce but little good effect. The amount of straightening necessary deiiends upon tho diameters 
to which the Wilts are forged, and also upon their near approach to parallelism. A small bolt not 
exceeding 1J in. in diameter need not he forged more than a tenth of an inch larger than the 
finished diameter: a bolt about 2 in. diameter, only an eighth larger; and for bolts 4 or 5 in. in 
diameter ami 4 or 5 ft. in length, a quarter of an inch for turning is sufficient, if the bolts are pro- 
perly straightened and in tolerable shape. This straightening and shaping of an ordinary holt is 
easily accomplished while hot, by the method just mentioned ; other straightening processes, for 
work of more complicated character, will be given os we proceed. 

After the bolts are made sufficiently straight by a top-tool, the aoflening is effected by a treat- 
ment similar to that adopted for softening steel, which consists in heating the bolts to redness and 
burying them in coke or cinders till cold. A little care is necessary while heating the bolt* to 
prevent them being bent by the bla*t. To avoid this result, the blast is gently administered and 
the bolt frequently rotated and moved about in the fire. 

Nuts . — The simplest method of making small nuts is by punching with a small punch that is 
held in the left hand ; this punch is driven through a bar near one end of it, which is plaood upon 
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a bolster on the anvil, while the other end of the bar is supported by a screw-prop. This mode is 
adapted to a small maker whose means may be very limited. By supporting the bar or nuts in 
this manner, it is possible for a smith to work without a hammerman. A bar of soft iron is pro- 
vided, and the quantity of iron that is required for each nut is marked along the bar by means of 
a peneil, and a chisel is driven into the bar ut the pencil-marks while the bar is cold. A punch is 
then driven through while the iron is at a white heat. Koch nut is then cut from the bar by an 
anvil-chisel, and afterwards tiuished separately while on a nut-mandrel. The bar on tho bolster is 
shown by Fig. 21*52. 

A more economical method is by punching with a rod-punch, which is driven through by a 
sledge-hammer. By this means several nuts are punched at one heating of the bar, and also cut 
from the bar at the aamo heat. A good durable nut is that in which the hole is made at right 
angles to the layers or plates of which the nut is oompoeed. Some kinds of good nut iron are con- 
demned because of these plates, which separate when a punch is driven between them instead of 
through them. By punching through the plates at right angles to the fuces of the intended nuts, 
the iron is not opened or «p|>arated, and scarfing is avoided. Nuts that have a scarf-end in the 
hole require boring, that the hole may be rendered fit for screwing; but nuts that are properly 
punched may Is? finished upon a nut-mandrel to a suitable diameter for tho screw required. Nuts 
for bolts not exceeding 2$ or 3 in. diameter can be forged with the openings or holes of proper 
diameter for screwing by a tap. The precise diameter is necessary in such cases, and is attained 
by the smith finishing each nut upon a nut-mandrel of steel, which is carefully turned to its shape 
and diameter by a lathe. The mandrel is taper and curved at tho end, to allow the nut to fall 
easily from the mandrel while being driven off. Such nut-mandrels become smaller by use, and it 
is well to keen a standard gauge of smug kind by w hich to measure the nuts after being forged. 
The best kind of nut-mandrel is made of one piece of steel, instead of welding a collar of steel to a 
bar of iron, which is sometimes done. 

One punch and one nut-mandrel are sufficient for nuts of small dimensions, but large ones 
require drifting after being punched and previous to being placed u|jou a nut-mandrel. The drift- 
ing iB continued until the nolo is of tho same diameter as the mandrel upon which the nut is to be 
finished. The nut is then placed on, and the hole is adjusted to the mandrel without driving tho 
maudrel into the nut, which would involve a small amount of wear and tear that may be avoided. 
A good steel nut-mandrel, with careful usage, will coutinuo serviceable, without repair, for several 
thousands of nuts. 

The holes of all nuts require to be at right angles to the two sides named faces; ono of these 
faces is brought into contact and beam upon the work while the nut is being fixed ; consequently, 
it is necessary to devote considerable attention to the forging, that the turning and shaping pro- 
cesses may be as much as possible facilitate!. If the two faces of the nut are tolerably near to a 
right angle with the hole, anti the other sides of the nut parallel to the hole, the nut may be forged 
much nearer to the finished dimensions than if it were roughly made or malformed. 

To rectify a nut whose faces are not perpendicular to the opening, the two prominent corners 
or angles are placed upon an anvil to receive the hammer, ns indicated in Fig. 2953. By placing 
a nut while at a yellow heat in this position, the two comers arc changed to two flats, and the faces 
become at the same time perpendicular to the opening; the nut is then reduced to the dimensions 
desired. If the nut is too long, and the aides of it are parallel to the opening, the better plan is to 
cut the prominences from the two faces by means of a trimming chisel. Fig. 294(1, instead of recti- 
fying the nut by hammering. Cutting off scrap-pieces while hot with a properly-shaped chisel of 
t)iis kind, is a much quicker process than cutting off iu a lathe. 

Bmall connecting-bolts, not more than 2 or 3 in. in diameter, are made in an economical manner 
by drawing down the stems by a steam-hammer. Those who have not a steam-hammer will find 
it convenient to make a collar to be welded on a stem, in order to form a head, as shown by 
Fig. 2949. After being welded the head may be made circular or hexagonal, as required. Tho 
tool for shaping hexagonal heads is indicated by Fig. 2951. Such an apparatus may be adapted 
to a number of different sizes by fixing the sliding part of the tool at any required place along the 
top of tho block, in order to shape heads of several different diameters. The movable or sliding 
block is denoted in the figure by 8. 




Tongi. — Fig. 2954 shows a curved-gap tongs, Fig. 2955 a bar-tongs, and Fig. 295G a side-grip 
tongs. 
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The portable forge. Fig*. 2957, 2958, contrived by Schaller, of Vienna, is well suited for military 
service. It consist* of a Ikjx made of thin irou plates, 19 in. square and 9 in. high when closed, as 
shown in Fig. 2957. Within this Ijox the bellows, legs, and all the tools, shown in h'ig. 2958, are 
enclosed, and can be transported in a very convenient manner. The unlocking and setting up of 



this forgo when wanUd can bo effected in a few minutes, as all the parts are well made and fit 
together with firmuess and accuracy, and there is no complexity in the arrangement. Sckaller has 
delivered upwards of 200 of these forges to tho Austrian army. This forge has been much 
employed in France and Belgium. 

FORGING, Machinery for. Fr., Machines a forger; Ger., Match) nm zum Schmieden ; Ital^ 
Mac china <la fucinare ; SPAN., Maquinaria de for far. 

Machinery fur Heavy Forging. — William Clay, of Liverpool, has designed machinery. Figs. 2959 
to 2961, well adapted to that class of forging known as heavy forging, the object sought being to 
ensure sound forgings, which it is very difficult to obtain when manufacturing bulky articles, tho 
thickness of the metal in which greatly and suddenly varies. In manufacturing, for example, 
tnarine-engino shafts with disc-couplings, the point of junction of tho disc with the shaft will 
generally be found when cut to exhibit internal fissures, which greatly detract from the strength 
of the shaft. In order to avoid this defect, and to ensure solidity throughout the metal of largo 
forgings, W. Clay proposes, when forming heads, collars, or flanges upon the ends of shafts or rods, 
to employ a horizontal hammer of peculinr construction, which is connected with and o|>erated by 
a piston working in a horizontal steam-cylinder, and thereby materially to reduce the sectional 
thickness of the metal at the line of junction of the head, collar, or flange with the shaft. 

In tho accompanying engraving, Fig. 2959 shows in side elevation the kind of steam-hammer 
which Clay employs in manufacturing heavy forgings; Fig. 2960 is a partial longitudinal section 
of the same ; Fig. 2961 is a transverse section taken at the line 1 2 of Fig. 2960, and looking in 
the direction of the arrow ; and Fig. 2962 is a transverse section taken in the same line, but look- 
ing in an opposite direction. A A is the bed of the machine fa wned in one casting. To ono end 
of this lad the steam-cylinder B is bolted, and to the other is secured a block 0 for receiving on it* 
face the anvil D. The face of this anvil is shaped to correspond to the form tho end of tho shaft 
is intended to receive by its lateral expansion ; and in order to allow of the anvil being changed to 
suit different sizes or kinds of work, it is mado to fit into y’s formed on the face of the block C. 
The anvil is y-slmped, as shown at Fig. 2962. and the block has a corresponding vertical hollow 
to enable it to receive the heated shaft that is intended to be brought under the action of the 
hammer. To facilitate the turning of the shaft on the anvil the block C is fitted with autifriction 
rollers ccc which support the shaft when it is presented to the hammer. E is the piston of tho 
cylinder B, fitted to a cylindrical trunk K‘, which carries at its other end the hammer-block. 

Fitted centrally in the face of this block is a conical piece G\ which forms the striking jmrt of 
the hammer ; its object is to form a cavity in the end of the shaft, and thus by reducing the thick- 
neKs «f the metal at that jwrt to remove the liability of fissures occurring in the forging. H is the 
slide-valve, the rod A of which extends through the opposite end* of the valve-box. At its rear 
end this rod is formed into a link to receive a cam A„ which is keyed to a cross-shaft A*. This shaft 
rocks in bearings on the top of the cylinder B, and it is fitted with a handle, by raising or depressing 
which the attendant is enabled to operate the valve, and thus regulate the advance and retrograde 
movements of the hammer ot pleasure. 
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To prevent the risk of damage to the machinery from inattention the valve-rod is jointed at ita 
front end to the arm of a rock-shaft A 3 mounted in bracket Iwaring* at the front of tho cylinder B, 
and fitted with a pendent arm h* carrying an antifriction bowl. In a lino with this bowl on tho 
liHimuer-hcml is fitted an adjustable stop A 4 , which as the piston is nearing its back-stroke will 
strike the IkjwI of the arm A* anti rock the shaft h 3 . This motion of the rock-shaft will, by reason 
of its connection with the valve-rod, cause tho valve to advance and cut off tho supply of steam to 
tho cylinder, while at the same time it will stop the escape of the exhaust steam, and thus provide 
an elastic cushion for the piston to strike against. 



2&5S. 2962. 





An incidental advantage derivable from making the cylin- 
drical trunk E 1 of tho large diameter indicated in the engrav- 
ing is that it will allow of hut a small amount of steam being 
mud in the return stroke of the pistou, while a powerful pro- 
pelling force may be used for its advance. The hammer-head 
is fitted with a pair of y -grooved wheel* 1, which turn freely 
on a fixed axle that passes through the hammer-head. These 
wheels are intended to carry the weight and facilitate tho 
traverse of the hammer, and for this purpose they run upon and between angular rails K K 1 , 
which constitute also tie-rods for connecting the cylinder B and blocks C together, and enabliug 
tho machine tho better to resist tho strain to which it is subjected. Tho lower rails K serve as 
track-rails for the traverse to and fro of the hammer, and the upper rails K 1 assist in steadying the 
wheels on the track-rails. 

In order to form a bead or enlargement on a shaft by this machine. Clay first takes a shaft 
forged in any approved manner, and pile* the end with pieces of wrought iron, after the manner 
indicated, Fig. 2963, so as to approximate roughly to the shape desired. The piled end of the shaft 
is next brought to a welding heat in a furnace and the nieces reduced to a solid mass in the usual 
way. whereby a shaft-head is obtained like that shown, rig. 2964. Haring thus prepared the shaft- 
forging, instead of finishing it iu the ordinary way it is submitted to the action of tho forging 
machine wo have described, previously reheating the shaft, if that is required, to enable the 
machine to act efficiently upon it. The heated shaft is placed w ith its head opposite the hammer- 
head, os shown, Fig. 2960, in the block or rest C, furnished with antifriction rollers c c for facili- 
tating the turning of the shaft when required. The head of tho shaft overlie* the anvil which 
forma the face of the block C, and the hammer by reason of ita shape will, in delivering it* blow*, 
form a conical hollow in the head of the shaft, and thereby to a considerable extent reduce the 
bulk and equalise the thickness of the metal at tho centre or the junction of the head with tho 
shaft. By turning the shaft from time to time on its axis ns the operation proceeds its head will l>e 
reduced under the blows of the hammer to a regular figure, requiring comparatively little turning 
to finish it. This mode of forging thick portions hollow also ensures a more equable contraction of 
the metal when cooling than hitherto, and the formation of fissures in large forgings of the character 
illustrated will be thereby avoided. To ensure the best practical effect the cooling of the metal, 
when the forging is completed, is commenced at tho centre of the head by the application of a jet 
of water. By thus causing the metal to shrink towards the interior instead of the exterior tho 
chief difficulty of obtaining sound forgings will be removed. 

Figs. 2965 to 2971 are given to illustrate tho method and machinery used for the manufacture 
of wrought-iron railway wheel centres by the stamping process of Arbcl, at the Phoenix Iron-works, 
Rotherham. 

Fig. 296. r > is a front elevation of the steam-hammer, the weight of the moving parts of which is 
12 tons. The standards are of Mexnel timber, and ore four in number. The hammor-head is 
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guided by four wrought-iron guido-bara, A A, the top ends of which are keyed into the cylinder 
base, and the lower ends bolted to the cross-timbers B B. 

Fig. 2966 ia a section of the valves. 

The piston-rod is forged solid with the piston. Fig. 2967 shows the mode of connecting it with 
the hammer-head, 'ilia lower end of the rod is turned conically ; and round it is placed the steel 
bush C, in two |*arts. The large wrought-iron key is drawn against the end of the rod, to tighten 
the rod into the hammer-head. 

Fig. 2968 is a perspective view of the dies used, the top one being keyed into the hammer-head, 
and the bottom one keyed into the anvil. 

Fig. 2969 is a perspective view of a wheel-centre when stamped, the rim, spokes, and navo being 
rounded so os to leave the dies. 

Fig. 2970 shows the method of piling the material for a wheel-centre before being placed into 
the furnace. The spokes D are placed inside tho rim E, with their inner ends envelojied between 
two nave washers F, the washers having indents stamped into them to receive the spokes. 

Fig. 2971 shows the tongs used for lifting the material into an ordinary reverberatory furnace. 
When the material is raised to a welding heat it is again grasped by the tongs, and placed between 
the dies in the hammer, and welded with a fow blows of the hammer into one solid piece. The 
tongs are supported on a carriage, which ruas on rails from tho furnace to the hammer. 

See Anvil. Bkllows, Furnace- Hand-Tools. Iron. Puddling. 8HKHH8. Steam- 
Hammer. Tin. Welding. 

FORTIFICATION. Fig, Fortification ; Gkr., Befestigunqs oder Fcstungstoerk ; Ital., Fortified - 
*ione{ Stan., Fortificacion. 

Abattis , sec p. 4. 

Banquette. — A little raised way or foot-bank running along the inside of a parapet, on which 
the musketeers stand to fire upon the enemy in the ditch or 

In front of it. M72. 

Barbette. — A mound of earth, on which guns are mounted 
to fire over the top of the parapet. 

Bastion. — A part of the main enclosure which projects 
towards the exterior, consisting of the faces and flanks. 

Two adjacent bastions are connected by tho curtain, which 
joins the flank of one with the adjacent flank of the other. 

The distance between the flanks of a bastion is called the 
gorge. In Fig. 2972, A is the bastion ; a, curtuin angle ; 

6, shoulder angle ; c, salient angle ; a, a, gorge ; a, 6, flank ; 
a, d, curtain ; 6, c, face. 

Berme.—K narrow space, two, three, or more feet wide, 
left at the foot of tho exterior slope of the parapet to retain 
earth that may slide down the bank. 

Blockhouse. — An edifice or structure of heavy timber or logs for military defence, having its 
sides loop-holed for musketry. The sides and ends are sometimes much liko a stockade, ana the 
top covered with earth, as in Fig. 2973; 
there may also be a ditch round it. 

Bonnet. — A part of a parapet considerably 
elevated to screen the other part and ite 
terrerplein , usually from an enfilade fire. 

Boyau. — A small trench, or branch of a 
trench, leading to a magazine or any par- 
ticular point. They are generally called 
boij'i us of communication. 

Breastwork. — A low parapet for defence. 

Bridge-head. — A fortification covering the extremity of a bridge nearest the enemy. 

Brisure. — Any part of a rampart or parapet which deviates from the general direction. 

Caponniere . — A work placed in a ditch for its defence by fire-arms, the defenders being covered 
on the sides and sometimes overhead. If on the sido only, it is single ; if overhead, it is double. 
The work often serves as a covered passage-way across the ditch. 

Casemate. — A bomb-proof chamber, in which cannon may be placed to be fired through embra- 
sures ; or capable of being used as a magazine, or for quartering 
troops. A, I), Fig. 2974, is a section through a casemate ; a gun 
at B would fire through the embrasure in the wall ; a gun at 0 
would fire en barbette , or over the parapet. D is the jtarapet ; 

E the scarp wall, the outer face of which is the scarp, a b t terre- 
ptein. 

Chevattx-de-frise.— Pieces of timber traversed with wooden 
spikes, pointed with iron, 5 or 6 ft. long, used to defend a passage, 
stop a breach, or make a retrenchment to stop cavalry. 

Counterfort. — A buttress, spur, or pillar, serving to support a 
wall or terrace. 

Counter-mine. — A gallery underground, so constructed as to facilitate the formation of mines by 
which those of the enemy may be reached and destroyed. 

Counterscarp. — The exterior slope of the ditch. 

Covered way. — A secure road of communication all round a fort, outside the ditch, having a 
banquette , from which a grazing fire of musketry can be brought upon tho glacis. 

Crtmaillere . — A horizontal outline, which is indented or zigzagged. 

Crest. — Tho top lino of a slope. 
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Ikblai . — The volume of earth excavated to form the rrmhlai. 

Demi-bastion. — A lift If bastion, or that jsirt of a bastion cut off by the capital, consisting of one 
face and one front. 

Dnni-lunc . — A work constructed beyond the main ditch of a fortress, and in front of tlio curtain, 
between two bastions, intended to defend the curtain : a ravelin. 

Embrasure. — An opcniug in a wall or parapet, through which cannon are pointed and dis- 
charged. 

Enceinte . — The main enclosure ; the wall or rampart which Burrounds a place, sometimes com- 
posed of bastions and curtains; called also body of the place. 

Envelope, or Envelop. — A mouml of earth raised to cover some weak part of the works. 

Epaulement. — A side-work, or work to cover sidewise, made of gabions, fascines, or bogs filled 
with earth, or with earth htiijKtd up. It is used to afi'ord cover from the fire of an enemy, but is 
not arranged for defence by fire. 

Esplanade . — The glacis of the counterscarp, or the sloping of tho parapet of tho covered way 
toward the country ; a clear space between a citadel and the first houses of the town. 

Flank* — That part of a bastion which reaches from tho curtain to the face, and defends the 
opposite face ; any part of a work defending another by a fire along the outside of its parapet. 

Ftecke . — A field-work, usually at the foot of a glacis, consisting of two faces, forming a salient 
angle pointing outwards from tho position taken. 

Front . — That portion of the enceiute between the capitals of the adjacent salient angle of tho 
polygon fortified; or it includes this portion, or any other works within or beyond it which are 
Detween tho two adjacent capitals and connected with it by defensive) relations. Bastiuncd front , 
a curtain connecting two half bastions. 

Gabion . — A gabion is a hollow cylinder, of wicker-work. Fig. 2975, or strips of sheet iron, resem- 
bling a basket, but having no bottom. It is filled with earth, and serves to shelter 
men from an enemy’s fire. 

Gallery . — Any communication which is covered overhead as well as at the sides. 

Genouillere . — That part of a parapet between tho merlons and beueath the solo of 
an embrasure. 

Half-moon . — An outwork, composed of two faces, forming a salient angle, placed 
just in front of the curtain of the main work, and just beyond the main ditch. 

Honwork * — An outwork, composed of two demi-bastions, joined by a curtain. It 
is connected with the works in rear by long wings. 

Lunette. — A detached bastion. Fig. 2970. 

Magistral . — The line where tho scarp of a permanent fortification, ‘if prolonged, 
would intersect the top of the coping or cordon. It is tho master line which regulates 
tho form of the work ; called also Magistral line. 

Palisade. — A strong stake, one end of which is set firmly in tho ground, and the 
other is sharpened ; also, a fence made of palisades, used am a means of defence. 

Parados . — A mound of earth thrown up to protect a battery or other outwork from a fire in the 
rear. 

Parajtet . — A wall or rampart to tho breast, or breast high ; especially a wall, rampart, or eleva- 
tion of earth for covering soldiers from an enemy’s attack from 
the front. 

Postern . — A subterraneous passage between the parade and 
the main ditch, or between tho ditches of tho interior of the 
outworks. 

Rampart . — An elevation or mound of earth round a place, 
ujion which tho parapet is raised. 

Ravelin . — A detached work, with two embankments, which 
make a salient angle. It is raised before tho curtain on tho 
counterscarp of a place. In Fig. 2977, A A ore bastions; bb , 
tho curtain; cc, tetiailles; dd, oaponnifere ; e , ravelin; F, re- 
doubt in the ravelin; gg, covered way; A A, re-entering places 
of arms; »i, redoubts iu the same; A A, ditch; II, ditch of 
ravelin ; m m m, glacis ; s s, exterior sido ; s t, capital. 

Redan . — A work having two faces uniting, so ns to form a 
salient angle towards the enemy. 8eo Figs. 2978 to 2980. 

Redoubt . — An outwork placed within another outwork, as at 
F and i, in Fig. 2977. 

Remblai . — The earth or materials used in marking the embankments. 

Revetment . — A facing of wood, stone, or any other material, to sustain an embankment when it 
receives a slope steeper than the natural slope. 

Sally-port . — A posteru gate, or passage underground from the inner to the outer works, to afford 
free egress for troops in a sortie. 

Scarp. — Tho interior slope of tho ditch nearest the parapet. 

TenaUle. — An outwork iu the main ditch in front of the curtain between two bastions; also an 
inverted redan. 

TenaiUun . — A work constructed on each side of the ravelins, to increase tho strength of the 
ravelins, procure additional ground beyond the ditch, or cover the shoulders of the bastions. 

Traverse.— A work thrown up to intercept on enfilade, or reverse fire?, along any line of work or 
passage exjtosod to such a fin*. 

Zigzag . — This term is applied to tho principle on which the attack of places is based ; and this 
mode of approach had long been in us« in a rude way, until perfected by Yauban. 

Zigzag is not only the proper course by which to advance in sieges, but it is the method of con- 
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noetlng the parallel* and place* of arms, and Anally arriving at the eloee of the attack or breaching 
battcriea, and the work in usually effected by *ap. 

Sappers could run a zigzag nr» to the work in two or three 
hours, under the protection of musketry Are, and Anally place a 
uantity of gunpowder for forcing the gate or barrier, or the 
est ruction of a stockade or other slight defence, such as savages 
or insurgent inhabitants throw up on the spur of the moment. 

The following example will show how a zigzag may Imj 
applied ; — 

Supposing it desirable to force a work A, Fig. ‘2981, an ap- 
proach may bo commenced from the hollow It, and a zigzag carried 
up to the entrance I), forming a short lino of sap C D, where a 
quantity of powder could be Axed at the point D, which would 
on the explosion enable the attacking party to rush from tho 
hollow, and, taking advantage of the confusion, carry tho work. 

FOUNDATION. Fn., Fondation; Gm., Fundatnent, Grund- 
t eerk ; iTAL, Fundament* ; Hi’ AN., Cimiento. 

See Construction. Bridge. Docks. Railway Engineering. 

Water- works. 

FOUNDING AND CASTING. Fr., Action de fondre, Font* r; 

Geu., Fortnen und Giessen ; Itai.., Fonder*. 

Fire-pmof material and durable crucibles arc among the first things that require the founder’s 
careful consideration. 

Fire-proof Material, — The apparatus in which smelting or melting operations are performed is 
constructed of such materials ns will not be seriously affected either by tho heat applied or by the 
chemical action of the minerals or metals. Resides these conditions, economy is generally ennsi- 
dered : but we And, in mast instances, that the saving of Arst expense should lie a secondary con- 
sideration where Are-proof material is in question. Tho materials used as Are-proof are sandstone, 
clay slate, shale, talcose slate, mica slate, granite, gneiss, porphyry, trap, and others, all of which 
are found native. Most of the Are-pmof material used is clay or aluminous sand, kaolin, aud clay 
slate, which are formed into bricks, slab.-*, or blocks, so ns to suit particular purposes. The artiAcinl 
fire-proof stone, or brick, does not generally resist the chemical action of the metallic oxide* an well 
as native material : it is therefore necessary to use compact native rock, where tho action of metallic 
oxides is to 1*> resisted. Bricks, when well made and of good material, withstand the infiuence of 
heat very well : and in nil cases where sudden changes of heat are expected, Are-brick must be used 
in preference to nnv other material. 

Materials which are considered Are-proof must be of such a nature as to resist tho effect of heat, 
that of the metallic oxides, nnd tho reducing influence of carbon also. Peroxide of iron is proof 
against heat, against most metallic oxides, and also resists silox very well; but it doe* not resist 
carbon. When the latter substance is present, or even its compound gases, peroxide of iron is 
reduced to protoxide, and forms now a strong alkali for any silex or acid which may happen to 
come within its reach. Hilex, clay, magnesia, lime, and baryta, are substances which are melted 
only by a very high heat, about -1000°, which is not required in any Bmelting operation. It is 
therefore sufllcient if the Are-proof stones consist chiefly of one of these elements. Their combina- 
tions melt more readily than each by itself; but it is sufficient when the main body, the bulk of 
the stone, is formed of one of them. 

A'a/irs Fire-proof Material . — Quite a number of rocks, slate, and sliale, serve the purpose of 
refractory stones. Some of these are so perfect as not to require more labour than quarrying and 
dressing ; others must lie broken, and cemented again, in order to answer the purpose. As the 
refractory character of atones depends cliieAy on the fusibility of their elements, we select them in 
most cases simply with reference to this quality; ami as alumina, silex, magnesia, or lime, aro 
fusible only at a degree of heat which is not often required in smelting operations, it appears to be 
all-sufficient, in order to secaro durability, to select the most convenient form of these article*. 
This, however, is not the case. Pure lime is extremely refractory, but readily fusible if any silex 
is brought in contact with it ; and ns all fuel contains silex, the simple act of using coal or wood in 
a furnace built of the best kind of limestone will soon destroy it In many instances, the presence 
of an excess of limestone is advantageous in smelting operations, and is frequently resorted to; in 
these cases, the inner walls of a furnace may cousUt of limestone, because tho silicious matter of 
fuel and ore is absorbed by the flux, and little injury is done to the walls. Reflections of this 
kind generally decide tho selection of rocks for Are-proof material, as we shall show hereafter. 
Native rocks are not often found to be of similar composition, not even in the same locality, for 
which reasons the selection of Are-proof stone is an operation which must be decided by actual test. 
It is very well known tliat tiio composition of oandstoue, clay slate, mica slate, talc slate, gneiss, 
and granite, and also limestone, varies in different localities, and often in tliu same compass of a 
quarry. 

Sandstone. — When sand, formed by the disintegration of rocky matter, is washed down in streams 
and dc|) 0 eited in the beds of largo rivers, or tho bottom of lakes and oceans, and when such 
deposits are elevated above water, or become dry land, the flno particles of lime, clay, oxide of iron, 
and other substances, which adhere to the particles of sand, and which more or less fill tho 
crevices or spaces between the grains, become dry, and form in the meantime a chemical combi- 
nation with the sand. The consequence of this close and intimate contact between these substances 
of opposite electrical qualities, is the formation of solid rock, in which the isolated grains of quartz 
are held together by a larger or smaller quantity of cement. The distinguishing quality of tho 
sandstone for our purpose consists in the kind of cement and the quantity of it. If the cement is 
lime, we cannot expect the saudstone to be very refractory, for not only does silex melt readily with 
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lime, bat tho stone become* brittle when exposed to fire. Peroxide of iron may form a good fire- 
proof stone with silex, provided the Amount of iron is not too large, say not more than 5 per cent. 
The red, and often brown sandstone, of the Pennsylvania anthracite formation is a fire-proof stone 
of excellent qualities. This stone has been subjected to a slow heat in the earth, which cemented 
its particles firmly together. The best cement for sand, in the formation of sandstone, is silex 
itself, and the resulting rock is for these reasons denominated silicinus sandstone, in contra- 
distinction to calcareous, ferruginous, or argillaceous sandstone. Silex is soluble in pure water, 
such as rain-water: and when such a solution is poured upon a bed of sand, it will penetrate and 
combine with or dissolve some of the Band ; the consequence of which is, that the soluble parts are 
retained by the heavy grains, and these cannot be moved, tho soluble silex forming a gelatinous 
cement for the grains of sand. Sandstone formed in this manner is, as a matter of course, very 
refractory, and liable to fracture when heat is suddenly applied. Slowly heated, and not exposed 
to changes of heat, this stone forms a durable hearthstone in blast-furnaces. Stones of this kind 
are frequently found in the bituminous coal region, and used as hearthstones. In many respects 
the argillaceous, in which clay forms tho cement, is superior to the silicious sandstone ; this refers 
particularly to those cases where a change of heat is inevitable. Clay does not form a strong 
cement, and such stones are generally found to be soft in tho quarry, but harden on beiqg exposed 
to the air or heat. These, however, do not generally resist high heat bo well as silicious sandstones. 
And when fluxes come in contact with them when hot, they are soon melted. Sandstones which 
contain spangles of mica, or particles of pyrites, or which aro‘coloured by any metallic oxides, par- 
ticularly protoxides, are generally not fire-proof; still there are instances where such stone® are 
used to advantage. 

In tho selection of sandstones for hearthstones we must be guided chiefly by experience. 
Coarse-grained stone, such as millstone grit, which occurs in the lower strata of the coal regions, is 
generally found to bo of good quality. The coarse sandstone, in tho higher strata of tho cool 
formation, is not oftea adapted to resist a strong heat and the influence of fluxes, because its 
cement is chiefly lime, clay, and iron. In these upper strata, the fine-grained stone appears to be 
superior to the coarse grit. Transition sandstpne, or old red sandstone, is generally found to 
be durable, particularly those kinds in which grains of white quartz of the size of peas, or small 
beans, are visible. Sandstone is peculiarly suitable to servo as a fire-proof stone ; it resists heat 
to a higher degree than almost any other stone, and if compact, it is less attacked by fluxes than 
any other kind of rock ; it has, besides, tho advantage of being conveniently found, and it is 
easily quarried and cut into such forms os are required. 

Sandstones may be tested by acids as to their composition, but tho result cannot be depended 
upon, and is of no practical use. Tho only safe test Is that by heat and fluxes. In order to in- 
vestigate the refractory quality of a rock, a fragment of it is subjected to a gentle heat, which is 
not much higher than that of boiling water, for at least one week, or longer, after which it may bo 
exposed to a higher heat. The latter is applied in a reverberatory furnace, or in a smith’s foreh- 
and should lost at least for four or five consecutive hours, the heat being gradually raised to tho 
highest pitch. The fragment, after being gently cooled and broken, must show a compact 
fracture, not vitrified in any part in tho interior ; its surface may be glazed, and it should not have 
lost much in weight. If, after heating it, the interior of the stone is brittle, porous, and friable, or 
if it is vitrified and strongly coloured, it will not resist the influence of fluxes, and it may be 
considered useless for resisting high temperatures. Quartz is extremely sensitive to change® of 
heat, and in all cases where it is subjected to them, it should not be used ; the changes of hent 
caused by adding fresh fuel it cannot resist. Sandstone is therefore useless in air-fumacea, and in 
all furnaces which are subject to alternate charges of fuel, or draughts of cold air, such as puddling 
furnaces, the top of blast-furnaces, and all refining and reverberatory furnace®. 

Clay and Clvj-slate . — This mineral forms extensive rocks, and often whole mountain ridge®; it 
is composed chiefly of silex and clay, but is never free from metallic oxides, and in most instances 
it contains carbon. The latter substances cause it to be fusible at a low heat, and its use as fire- 
proof stone is therefore very limited. 

Slaty Clay is found in the regions of mineral coal ; it forms a most valuable substance for the 
manufacture of fire-bricks, which are in fact chiefly composed of this clay ; good fire-bricks are 
extensively manufactured of it ; but it is of no use in its raw condition, for it requires a strong fire 
to make it sufficiently compact for adhering together. Some modifications of this kind of slate, 
when it contains a large amount of silex, and is stratified, assuming the form of shAle, are used os 
fire-proof stone in furnaces, under steam-boilers, reverberatories, or at tho top of blast-furnaces, 
also for in-walls; but there is little gained in its application; fire-brickB are cheaper in the course 
of time, because they last longer and require less repair. 

Clay. — This substance is not often used in its raw state, but chiefly in the form of bricks, and 
as fire-proof mortar. Fire-clay is recognized by its colour, which is white, and iB retained after 
exposure to a strong fire. Some clays will change their colour into a more or less grey, or red, on 
being calcined ; those arc not generally very refractory. Good clay, when fresh, emits a peculiarly 
disagreeable odour, an argillaceous smell ; it also adhere® strongly to the tongue, when the former 
is dry and the latter moist. The smell depends entirely on organic matter, for which clay has 
great affinity ; it emits therefore that peculiar smell, although it is not actually necessary that 
organic matter should be present in the clay ; breathing upon it may impart it. Clay may contain 
silex chiefly, and be a good fire-clay ; it does not follow that clay which does not adhere to the 
tongue is not a fire-proof clay. The source® of good clay arc fcldspathic rocks ; most of these clays 
ore definite compounds of silex, alumina, potaW, lime, magnesia, oxide of iron, And water, but it 
is not necessary that a good clay should be a definite compound ; on the contrary, the less such is 
the case the more refractory it is. For these reasons most of the plastic clays ore mixed with sand 
or pure quartz previous to forming bricks of them. Clay may be assayed and its composition deter- 
mined previous to its application, but such an assay is of more interest to the scientific man than 
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HYDRAULIC MACHINERY OF EVERY DESCRIPTION, 

eUSrOWDKH machinery, tba-drbssino machinkry. paper-making machinery. siiekp and wool 
WASHING MACHINKRY. HYDRAULIC RAMS 

Patent Improved Centrifugal Pumps & Centrifugal Pumping Engines of every description. 
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Begs to rail the attention of Publishers. Printers, Authors, Engineers, Ac., to his Establishment for the 
Production of every description and style of tho above Art 
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STRENGTHS OF BEAMS, COLUMNS, 
AND ARCHES, 

CONSIDERED WITH A VIEW TO DERIVING METHODS OF ASCERTAINING 
THE PRACTICAL STRENGTH OF ANY GIVEN SECTION OF 
BEAM, COLUMN, OR ARCH, 

IN CAST-IRON, WROUGHT-IRON, OR STEEL. 

By B. BAKER, 
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I jOiik' Acre and IGfiml>otli, LONDON, 



Manufacturers of Steam Land, Floating, and Fixed Fire-Engines, and Hand- 
power Fire-Engines, and Pumps of every description and for all climates ; 
Copper-Riveted Leather, Indiarubber and Woven Hoses and Suction Pipes and 
Buckets ; Fire-Escapes, Firemen's Helmets, Belts, Hatchets, and Equipments ; 
Hydrants, Fire-cocks, and everything connected with Fire-Extinguishing. 




‘FIRST GRAND PRIZE ‘ 

PATENT STEAM F IR E- E N C I N E S, 

Have* taken nil the Chief First-Prizes, are the most 
simple and durable, more powerful, and sooner in 
action than any others'. They ruise steam in seven minutes, 
and are most easy of management. They arc of six various 
si/es, from 2.5 to CO cwt*.. adopted by the British and 
Colonial, French, Russian, Prussian, Belgian, 
Spanish. Dutch, Brazilian, and other Foreign ftovem- 
menta, the Metropolitan (London) Fire Brigades, in Liver|x>ol, 
and the Provinces ; Volunteer Fire Brigade*; in France, Russia, 
Prussia, Holland, Belgium, Germany, the Fast and West Indies, 
Chinn, Manilla, Prince Edward Island, South America, Ac., dec. 



•FIRST PRIZE* 

BRICADE FIRE-ENCINES, 

Arc constructed with Metallic Valves, so that tboir power* 
remain unimpaired for any length of time and in any climate. 
The Hand-j*ower Fire-Engine* of M. ami Sons and of tlietr 
predeeessors have Ixvn us*il in all parts of the world for the 
| uvst 200 years. They are of various sizes, for 22, 20, 30, 3S. 
and 40 men, used by the L< >NDON ami the various Towu and 
. iovin«utl Eiro Brigades. Her Majesty the Queen, HU Royal 
Highmvw the Prince of Wales, the Insurance Companies, Rail- 
ways, iKs ks, Volunteer Fire Brigrulea, Her Majesty** and tin* 
several Foreign Governments, Ac., Ac. 



The following FIRST PRIZES have been awarded to MERRY WEATHER & SON’S for the 
BEST Steam and Hand Fire-Engines:— 




1851. 1355. 1862. 1865. 1867. 



The First Grand Prise, Crystal Palace Competition . 1863 

„ Netherlands Prise Medal 1864 

Ditto Money Prise 1864 

First Grand Prise, Rotterdam 1864 

.. Special Ausgesetste) First Prue i500 Thalers! 

Cologne Competition 1865 



The First Prise Medal, Great Exhibition .... 1851 
,, First Prise Medal, Paris Exhibition .1855 

„ First Prize Medal. International Exhibition . . 1862 

,, First Prise Medal. Dublin Exhibition .... 1865 
,, First Prize and only Gold Medal, Paris Exhibition 1867 
,, First Prixe, Newcastle-on-Tyne 1868 



ITRE-ENGINES of all <i«vriptinns am! sizoa, and suitable for every climate. for CITIES, TOWNS, INSURANCE. RAILWA' 
an ! DOCK COMPANIES, FACTORIES, MANSIONS, PUUUC BUILDINGS, ESTATES, PLANTATIONS, Ac, 

At the PARIS EXHIBITION, 1887, out of 32 Competitor., and after aevere Competition, MERRYWEATHET 
AND SONS’ ENGINES ALONE RECEIVED THE GOLD MEDAL. 
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